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PEKFACE TO THE EEPRINT OF 1884. 



The text of tli© second edition lias been left un- 
touched j and I have merely given an account (which 
does not pretend to be complete) of the progress of 
the subject since 1880 , 

Heterostyled Plants, 

C. E, Bessey (" American Naturalist/ June, 1880, 
p. 417) made careful measurements of the corolla, 
stamens, and style in a number of flowers of lAtho- 
spertnmn longijlorum. He shows that the length of 
corolla, and especially the length of the style, is very 
variable- An appearance of dimorphism is thus pro- 
duced ; but measurenients of the pollen show that 
there is no real heterostylism. 

C* B. Clarke (SToum. Linn. Soc/ xvii-, p, 150) has 
made the curious observation that in Adenosacme 
Imigifolia^ the difference between the long- and 
short-styled forms amounts to what would usually 
be called a character of first-rate systematic iin* 
portanee. In the short-styled flowers, the stamens are 
on the corolla ; in the long-styled, they are at its very 
base, almost free from it. In this form the corolla 
separates and leaves the stainons standing on the ovary. 
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The folloTvin" Acantliaceae have cleistogamic flo^vers : 
Stemndrium ru^eitref Diclii>etra asnirgens^ SUmma- 
canthus eoccineus^ Bimiliera Bleclium Bro^meu 

Among other families ; BrithaUs fruiicom^ {RuUa- 
ceff), Bd^dachya lutEola^ am also cleistogamic. 

The curious flosvers of Favmia hmtata are described 
by E. Heckel (* Comptes renduSj^ Ixxsix., p» G09)* This 
species has cleistogamie flowers, which chiefly differ 
in appeaninco from the perfect flowers, in having no 
necUr-guiiles ; there are, as usual, no nectaries* The 
pollen is entomophilous in character, and it is said 
that the tubes are protruded w^hile the pollen is in the 
anthers. 

F, Ludwig (* Bot. Centralblatt/ 1880, p* 861) 
mentions Blantago virginka as producing under cultiva- 
tion only cleistogamic flowers. 

F. Muller, (‘Nature ' xix* 1879, p. 4G3) shows that the 
curious submerged Podostomacete of Brazil produce 
flowers which are probably cleistogamie. 

Sol ms Lull bach, Gottingen Kachrichten,' June 
1882) has written an interesting paper on Heteranthera, 
A plant belonging to the PontedereaceiB* He describes 
the cleistugatny of some species of the genna, and 
fMiiuts out that the form and distribution of the cleisto- 
gatnio flowers serves ns a specific character, without 
wiiicb //. call^ folia could not be distin etui shed from 

IT tr 1 t ® 

It. hoUchyana* 



Francis Dabwin. 
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Ko also describes two forms of Bmidm uligimsa^ 
(i.) having largo sessile flowers with separate stigmas 
and producing a large fruit ; (ii.) small pedunculated 
flowers with clavate stigmas, and producing smaller f nut 

C* B. Clarke (' Journ* Linn, 8oc/ xviii,, p. 524) 
shoAvs that Kacrotomia is dimori^hic like Arnebia, 
Mr. Clarke mentions as one of the earliest good 
notices of heterostyligm that Fischer and Meyer 
(* Enuin, PL Schrenk,,’ p, 34, published in 1841) speak 
of Macrotomia as having specimiTia longistyla and 
brevisfyla. 

Breitenbaeh Botanische Zeittmg/ 1880, p. 577) 
believes that the ancestor of the heterostyled PrimulBc 
Avas homostyled, Ke grounds his belief on the ex- 
amination of a large number of plants of P, elaiioTf 
Jacq,, and on some facts connected w'ith the onto- 
genesis of the flo Avers. This opinion has been ad* 
versely criticised by W. Behrens Botanisches Central- 
Idatt,' 1880, p. 1082) and by Hermann Miiller CBot, 
Zeitung; 1880, p, 733). 

A. Ernst (Caracas) (‘Kature/ xxi., 1880, p. 217) 
shows by measurement and experiment that Me^ochia 
parviflora is heterostyled (dimori>hic). 

According to J. Todd, (* American Naturalist/ xv,, 
1881, p. 99(f), Black mustard {P. has tAVo 

forms of fioAver, diflering in the length of the pistil ; 

the stamens being of approximately the same length 
in the two forms. 

Ireleose (* American KaturalisV xvi., 1882, p, 13) 

escribes two forms of Oxalis violao&if wkich appear 
to be long and short-styled forms of a trimorphic 
species. No mid-styled flowers could be found, and 

re ease is meliued to believe that the species is 
oimorphic, ^ 

Ig. Urban (‘ Sitz. Bot. A^eicin, Prov. Brandenburg, ’ 
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?:xiv., 1882) states that the T uni eraceje contain a large 
proportion of dimorphic plants, Kis monograph on 
this family I know only from the abstract in the ‘ Botan. 
Centralblatt/ p. 207- He ]\as made the follmving 
interesting ohaervations In the Turnerace?e the 
dimorpliic species tend to be perenniais, with con- 
spicnous flowers, nhile the monomorphie species havo 
smaller flowers, and arc chiefly annuals/* He states 
that a tcrnlency to dimorphism in the monomorpliic 
species expresses itself only in elongation of the style. 

In the subjects kindred to those considered in 
Chapter VII. rather more w^ork has been done. 

F. Ludwig Zeitschrift f. d. gesam. Hatiirwiss/ 
1879, p. 44) describes three plant- forms in I^laniago 
lan^olata. 

1. Hermaphrodites with white anthers. 

2. Semi-females, with sniall shrivelled yellow 
anthers, containing a small quantity of pollen, of 
which many grains are had, 

3. Purely female form, 

Ludwi'i has noticed the tendency described bv 
Delpino to entomophiiy in l^lantago, the flowers being 
often fairly conspicuous, and are visited by insects* 

Ludwig draws some interesting general conclusions 
on Gynodiceeious plants. 

1. They are all more or less dichogainic. 

2, In the protandrous forms the females are more 
numerous at the heginning of the season* In the 
protogynous forms the reverse is tlie case. 

3. Abortive anthers often degratle into perianth 
segments. 

4, He confirms the received opinion that female 
flowers are smaller than hermaphrodite.?. 

He discusses the origin of diueciousness, assigning 
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the first rank in the chain of eatiaes to dichogamy. 
Similar viei^ s are given in the present edition, p. 283, 
ill connection with observationa by Hildebrand. 

In a subsequent paper Bo tan. Centra Iblatt/ 1880, 

iv-, p. 829) he describes a similar gynodioecioua 
coiiditioii in some Stellarias and Cerastinins. Here 
tliere are pure female, serai -female, and hermaphrodite 
plants, tlie fiowers of tlio female form being smaller 
than those of the others. This distribution of aex he 
calla “ gy nodi morphism,” a condition which he des- 
cribes i3ot. Central bhitt,* 1880, p. 1021) as occurring 
ill Aremria cilwta and Ahhte vernu. 

F. Ludwig (^Kosmos/* 1S80-8L vHL, 357} describes 
two forms of Erodium cieutarimn. The first, which is 
distinguished by having nectar-guides, ia protandrous, 
and adapted for fertilisation by insects. The second 
form is weakly protogynous and autogamic. This 
form has no nectar-guides, and the petals are usually 
shed during the day on which the dowers open. It 
E.motjchatunif which is homogamic(or weakly 
piotogynons). The first form is more like E. macro- 
aenum, which ia markedly probindrous, and where 
autogamy is impogsible. 

Hermann Muller Nature/ xxiii., p. 337, 1881) 
has shown that S^rin^a persiea is gynomonoecions, 
luiviiig on the same inflorescence a majority of 

hermaphrodite flowers of large size, and a minority of 
sm al 1 -si zed femal es, 

^^felhma glauca and Sherardia arvetisis are gyno- 

<ll02Cl01lS. 

IL ^liiller has also written an important paper on 
ea jaef.a ( Kosnios^ x. and ^ Nature^ xxv.) in which 

0 pu > IS les is change of opinion as to the origin of 

and viiL ji. gy * Hot. Centralblatt,’ sit p. S3 
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gynodicecicmsness. Three difFeroiit forms occur, but on 
any given plant the flowers are of one kind. There is 
a normal liermaphrodite form, and two divergent forms 
which are practically male and female, and which are 
distinguished from the hermaphrodite form by having 
conspicuous sexless ray-florets ; of the two, the male 
flowers are the more conspicuous. The female florets 
have skruoken anthers devoid of pollen ; tho male florets 
have pistils which do not open, and are therefore 
functionless. Numerous gradational forms exist 
which render the whole case especially instructive, and 
it Avas a study of these gradations w hich induced Muller 
to give U]> his theory of gynodioecious plants* 
3[hller formerly explained the origin of gynodioecious- 
uess by supposing that those flowers which arc smaller 
and less conspicuous than the average tend to be visited 
last by insects, so that their pollen is useless. In 
Ceuta urea the reduction of anthers is found beginning 
in flower-liea<ls which are not less conspicuous than 
tho average. Muller therefore gives up his former 
theory and agrees with view proposed by my father,* 

Potonie Sitz, <1. Gcs. naturforsch* Premide zu 
Berlin,' 1880, p. 85, quoted in the ^ Bot. Zoitung,' 
1880, p, 749) believes that in the gynodioecious Salvia 
pratemis the existence of a female form serves to ensure 
lertilisation by a tlistiuct plank 

But H, Mil Her (* Bot. Zeitung,’ 1880, p 740) shows 
that in tho hermaphrodites, bees commonly visit the 
lower and temporarily female flowers before passing on 
to tlie u]>[)er male floAvers, and that this ensures 
cross -fertilisation betAA^een different plants. 

Sol ms-Lau bach (^Abhand. K GeselL \¥iss. Got- 
tingen, xxviii,, and Koamos,' 1881) has given in his 

* A aliort j)Ei|KT Ry HAti.il ler on i^^ynodLOGciouaucea in the genus 
DiantliuEi, aiaijemeil in * Xatum/ ISSI, sxiv. 
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valuable uork on eaprifioatiou an account of the rela- 
tion of the sexes in the cultivated fig and the caprificusH 

Hkteuaxthy* 

The existence of different kinds of anthers in 
homostyled flowers is of interest as bearing on hetero* 
gtylism. 

F, Ludwig Eot, Centralblatt/ 1880, pp. 24(j and 
1210) gives an accoiint of the heteranthy of Plardago 
wityW, of which two forms exist, one with brown, the 
other with yellow anthers ; the latter plants are much 
rarer than the browii^anthered form. In another 
communication to the same jonrnal (1880, p, 801), 
he describes the heteranthy of FoUrtum haTigmdorha., 
and of a number of grasses, e.g* IjoUmm dacbjlu^ 
Festum, Aira. 

F. Muller Nature ^ xxiv., 1881, p. 30T), has made 
the curious observation that iu tho Melastomaceous 
HeeHa^ sj?., there are tivo sets of anthers : (1) yellow 
ones serving as plunder to bees i (2) red ones so placed 
as to subserve cross -fertilisation. 

IL Muller (* Nature/ 1882, p. 30) showed tliat in 
Tinrumtia miduta (Commelynaccffi), as in Heeria, 
two sets of anthers exist ; one set which attract pollen - 
seeking insects, the other which cover the insect w ith 
pollen. The upper stamens have yellow tufts of hair, 
which (as in Tradescantia) serve as supports for visiting 
insects* The pollen-graitis are smaller in the upper 
stamens, Iu Commsl\jina cadestis and there 

is somewhat similar arrangement* 

In a species of Melastoma, w'hich has also t^vo sets 
of stamens, H. Q. Forbes Katore/ 1882, p. 38d), saw 
jcs going straight to the yellow stamens, Le. to those 
which serve as an attraction. The yellow anthers have 
he smaller l>ollen -grains, hut those from the other set 
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of anthers were the only ones seen to exsei-t tubes in 
the stigmas* 

J* E* Todd (* Amerioan Katnralist,' xyi,, 1882, 
p. 281) gives a envious account of Solamm rostratum.^ 
in ivhich the pollen for fertilisation is the product of 
a single long-curved anther; while the four other 
anthers are small, and serve to supply ]}ollen to tlie 
bees Ausiting the floAver. The stigma is so placed that 
it receives polleu from the part of the bee dusted by 
the long anther. 



Cleistogamto Eloaveks. 

According to P. Ascherson Bulletin Soe. Linn, de 
Paris/ 1880, p. 250),* IleUanthemum saUeifolium was 
shown by Liniiaeus to produce ripe seed from closed 
dowers. Ascherson describes the clcistogamic llowers 
of if. Kahirietim and H. Lippii 7. Buiss. 

Schweinfurth is giAen as authority for the existence of 
cleistogamic dowers in Salvia Ia7iigera. The following 
species are said to be “ often clcistogamic Lamm7Ti 
aynpleo^icaule, Jtmeus htifonim^ Iva^ Cam 2 )anula 

dimorphantha. 

In a second paper (Sitz. d. Gosch. naturf. Ercunde 
zu Berlin,* 1880, p. 07, quoted in the ^Bot* Centralblatt *) 
Ascherson gives a further account of the cleistogamy 
of Ueliafithemmn Kahiriewn. The flow ers are open in 
the early morning, so that cross-fertilis^vtlon is 
possible ; the petals fall off in the course of the day, 
and the sepals closely embrace the stamens and pistils, 
and thus convert the floAver into a cleistogamic one, 

Baron E. Eggers (^Bot. Centralblatt,^ 1881, viii., 
p. 57 ) states that StMpis arvmsiSi Avlicn grown iu ^\ est 
Indies, produces cleistogamic flowers, 

* Ai* libetmctod in tlie ‘ Bot. CcntKilljlatt/ 
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SiJ^CE the publication of the first edition of this book 
in 1877, several articles have appeared on the subjects 
therein discussed, and many letters have been received 
by me* I will here briefly state their nature, as an 
aid to any one who may afterwards pursue the same 
subjects. The test has been left as it originally 
appeared, excepting that a few errors have been 
corrected. 

Dr. A. Ernst has proved in the clearest manner 
(Nature^ Jan. 1 , 1880, p. 217), thtii Meloehia parmfoUa^ 
which is a common plant near Caracas, is heterostylcd. 
The pollen-grains differ in the usual manner in si sc in 
the two forms, as do the papillae on their stigmas* 
The illegitimate unions, especially when pollen from 
the same flower was employed, were much less fertile 
than the legitimate ones. A new family, the Bytt- 
neriaceoe, 19 thus added to those including heterostyied 
plants. 

Errata and Gevaert have published a paper on the 
heterostylism of Frimida dati&r in Bull. Soc, It. Bot. 
Belg., tom. xvii. 1879. 

I have quoted (p* 100) Dr. Alefeld^s statement that 
none of the American species of Linum are heterostyied* 
This statement was disputed by Kuhn (Bot. Zoit* 186fi, 
p. 201), but has since been confirmed by Dr. Ign. 
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Urban in UinnjEa, B. vii. p, 621. Mr. Meehan (Bulb 
Toirey Bot. Clubj vol. vi. p. 18D) hm endeavoured 
to throw doubts on my observations on the sterility of 
the forma of L. perenns when fertilised with their own- 
form pollen, because a plant from Colorado yielded 
seed, wlien growing by itself ; but as might have been 
expected, and as is sufheiently clear from the remarks 
of a well-known reviewer in the Am&riean Jouriml of 
Sciewet J[r. Meehan mistook L, Lewim, which is not 
hcterostyled, for L. peretine. 

In the Bomginete, Lithoffpermum mnescens differs, 
according to Mr. Erwin P. Smith {Boi. Gazett^j United 
Slates, voh iv^ 1ST 9, p, 108), from the heterostyled 
3t>eciea of the same genus by occasionally presenting 
ft mid-sty led form, w'hieh has a sliort instil like that 
of the short-styled, and abort stamens like those of the 
long-style<l form. All the forms seem variable, and 
the whole case requires further investigation, 

Mr, Alex. S. Wilson informs me that on com[)aring 
the i^jllwh-gmins from a long-styled plant of Enjthrmi 
ceiU^xurium with those from some short-styled plants 
from the island of Arran, they differed in aiae and 
m in the case of tho undoubtedly heteiostyled 
Mmfjtitiifies trifoliataj a member of the same family of 
the ijentiane4&. 1 had myself formerly observed that 
tho llowi'rs on diflerent plants differed much iu 
structiin% but could not make out that they presented 
Uo di.slinct forms. 

The Ituhiace® contain many moro hcterostyled 
plmitu Ihuii any other family, ami several additional 
ran now be aildcd. ifr, C. II Clarke has b^en 
kuiil m til 8i*iid me sketches made in India of two 
txtn iiiL j c latiiict forms of Admiomam hnaifoliat. H® 
• that the la-eulmrity of the case is not the 
i •reuce m the length of the style and stamens 
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in the two forms, but the extreme difference in the 
pjint of insertion of the stumcnsJ* A mid- styled form 
exists having a short pistil and short stamens seated on 
the same levei, only a little way up the tube of the 
corolla. Mr. Clarke adds that hcterostyiism is quite 
common in the Coffee tribe. Mr. Hiern, in his obser- 
vations on the Kiibiacete of tropical Africa (Journal 
Linn. Soc. Bot., voL xvi. 1877, p. 252), remarks that 
dimorphism occurs commonly, or at least in some spe- 
cies, in four or five genera in the tribe of Hedyotidem, 
Mr. M. S. Evans states {Naiiire^ Sept. 19,. 1878, p, 543) 
that in Natal there is a heterostylcd Bubijiceous 
plant, which occasionally, though rarely, presents a 
third form, and in this the pistil and stamens are of 
equal length and both are exscrted from the in o nth 
of the corolla. He adds that he has found four 
other heterostyled dimoi‘phic plants, and one of these 
is a monocotyledon. 

Lastly, 1 have given {p. 135) Bouvardia hiantha as 
doubtfully luderostyied ; Mr. Bailey has now sent 
me dried specimens, and as far as the lengths of the 
pistil and stamens are concerned the species is clearly 
lieterostvled ; but no difference could be detected in 
the size of the pollen-grains ; so the case must remain 
doubtful. 

With respect to trimorphic heterostyled plants, Dr, 
Koehne, who has descrihed the Jjythraceoc of Brazil, 
has, with great kindness, sent mo a long account of 
them. He knows twenty-one species which are hetero- 
styled, and 340 which are homo styled. He informs 
me that Lyihrmn thymifolia is not heterostyled, and 
that 1 must have received some other species under 
this name. There are many dimorphic species in 
America, Femphu miAhdtt is distinctly dimorphic, 
so are some species of Kotala and Nesnoa ; thus two 
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Dew heterostyled genem are added to the family. 
Dr. Eoehne does not believe that any speeiea of Lager- 
stroemia is, or has been, heterostyled and triinorphic. 
He has also sent me an outline of an important view, 
well worth following out, namely, that hetcrostylism has 
arise* n through the modification of plants which were 
tending to become polygamous or dioecious. 

It is stated at p, 187 that Mr* Leggett felt som& 
doubt whether Pontederia cordata was trimorphio and 
heterostyled : but he has sinco wTittcn to me that his 
doubts are removed ; see also to this effect, in Bull. 
Torrey Hot. Club, voh vi. 1877, p. 170, All three 
forms of this Pontederia appear to be highly variable. 
He informs me that hnmble-bees are the fertilisers. 

With resjiect to t)ie origin of the dioecious state, 
which is discussed in the beginning of the seventh 
chapter, Hermann Muller has given some interesting 
remarks in Kosmos, 1877, p. 290. The same author 
shows (Ibid., p. 130) that Valeriana dioica exists under 
four forms closely allied to the four presented by 
Ulmmiius, as described in this same chapter. It is 
much to be desire<lthat some one should ex peri men tbe 
on these forms and make out their meaning. Bemet 
has published (Bull Bdc. Hot. Fiance, tom. xxv* 
1878) a pajiior entitled, * Disjonction des sexes dans 
rEuonymm Europ^Sj which may be compared with 
my ol>s<ervation8 on the same plant. I have stated 
at p, 298 that 1 could never find an hermaphrodite 
plant of tho common holly, but according to 
Mr. nihhefd (Gard. Chron, 1877, pp. B9 and 776) 
such o^'ur among the many cultivated varletit^ 
Tbo evidence, however, is far from conclusive, for it 
diici not appear that Mr. Hibberd ever observed under 
the micruiJcoi« pollen taken fn.rn a plant known 
to p nco berries* Trees of Jwjlajis cinerea in the 
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U* States are monoecious, and like those of /. regia 
consist of two fsets, one heing pTOteraiidroiis and tho 
other proterogynous (Mr. C. G, Pringle, in Bot Gazette^ * 
vol. iv, 1S79, p, 237} ; and thus the crc>ss -fertilisation 
of distinct trees is insured, BIr. Alex, S. Wilson 
informs me that Silene injfata is polygamous on Ben 
Lawers, as he found hermaphrodite, male and female 
plants. The case is here mentioned because the llowei^ 
on the females are small like those on the females in 
the gyno-dioecious sub-clasa In an article in the Bulk 
Torrey Bot. Club, July 1871, this Silene is, however, 
said to be gy no- dioecious. Asparagus ojwinalis is also 
polygamous, and the female flowers are about half tho 
size of the male ones j see Gard. Chrm. Blay 25, 1878 ; 
also Breitenhach in Bot. Zeitung, 1878, p. 1C 3. 

Several cases can now be a<lded to my list of gyno- 
dioecions plants, or those which exist as hermaphrodite 
and female individuals; namely, according to BIr, 
BV^hitelegge {Nature^ Oet. 3, 1878, p. 588), Staehgs 
germanica^ lianumuluSf aeris, repens and hulhosus, 
H. Bluller found on the Alps (Nature^ 1878, p, 516) 
Geraniujn sglvatiaim and Dianthtis superhus in this 
state, and the female flowers of the former were of 
small size. So it is with Salvia pratmsis^ as he informs 
me in a letter, I have received an additional account 
of Fluntago laneedata being gy no-dioecious in England ; 
and Dr. F, Ludwig of Greiz has sent me a description 
of no less than five forms of this plant which graduate 
into one another ; the intermediate forms being com- 
paratively rare, whilst the hermaphrodite form is tho 
commonest. With respect to the steps by which a 
gyno-dioeeious condition has been gained, II. Blulier 
maintains by many able arguments (Kosmos, 1877, 
f)}i. 23, 128 and 290) the view wdiich he has propounded ; 
and several botanists tiiink ft mow probable than the 

b 




XVlll 



PREFACE 



one advanced by mCj see^ for inatance, Journal of 
Botany y Dec* 1877, p, 376* 

I have stated {p* 13) that after inquiring from several 
botanists I could hear of no instaneo, except a doubtful 
one, of plants in an andro-dioociou?^ condition, or existing 
as hermaphixxlitc and male individuals. But II. Muller 
{Nature, Sept, 12, 1878, p. 159) has found on the Alps 
Veratrum cdhiim, Drtjas octoiyetaJa and Gmim reptans in 
this condition. It is an interesting fact that the corollas 
of the male dowers are not diminished in size like those 
of the females of gyno-dio3eious plants. Asa Gray has 
also reason to suspect that DimpyroB virginimia may 
be andro-dioecious. 

The eighth chapter is devoted to cleistogamic flowers, 
and I have struck out of the list there inserted four 
genera, owing to information given mo by ^Ir. Bentham 
and Asfi Gray. On the otlier hand, fifteen genera have 
been added. Mr* Bentham informs me that the S, 
Americ^m TrifrAwm pohjmorphmn produces true cleisto- 
gamic flowers. Dalibaida, Milium and Vilfa have been 
iulded to the list on the authority of A* Gray in a re- 
view of this book in the Anneriean Journal of Science, 
Tlie cleistogamic flower.? of Danthonia are described by 
IVingle in the American Naturaiut, 1878, p. 248, ami 
those of another Gramineous genus, Oiidachne, by 
Ascherson in Sitzungsb. der Gesell. Natnr, Freunde, 
Berlin, Dec. 21, 1869. Krascheninikovia has been addo^l 
from some remarks made in Journal of Botany, 1877, 
p. 377. Batalin has published an essay (Act* Hort. 
I^etropol, tom. v., fasc. 2, 1878), “ Kieistogamlsclie 
Bliithen her Caryophylleen, namely, on Gerastiuin and 
I olycarpon. F* Ludwig has described the cleistogamic 
flowers fjf CoUomia yrandiflova in Sitsib. Bot* Vereins. 
Brandenburg, Aug* 25, 1876 : see also on same subject 
Scliarlok in Bot Zeitung, 1878, p. 641. A* Gxiscbach 
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has (liscnssed fully (Nacbrichten k. GeselLtler Wissen* 
zu Gott ingen j June 1, 1878) the cleistogamic flowers 
produced by Cardamin^ chenopodifoUa^ which bury 
themselves in the ground. See also on same subject 
Driide in Sitzb. der Yersamml. d, Katiirf* in Cassel, 
1878. From a note received from Dr. Koehue it ia 
clear that Ammamia latifoUa bears clcistogamie flowers^ 
According to Mr. Bcssey {The American Naturalist^ 
1S7S, p. b9) this is likewise the case witli Lithosper- 
mum htigiflormn. Three genera of OrehideDc liavc 
been added to the liat^ from information given me 
by Mr. Spencer Moore and from some remarks in 
Journal of Botatiy, 1877, p. 377. Lastly, ]\Ir, Bennett 
has published (Journal Linn. Soc, Bot., No. 101, 1879) 
some additional " notes on cleistogamic flowers/' chiefly 
on those of Viola and Impatiens. 

With respect to the statement (p. 329) on the 
authority of Mr. Wallis, that Drosera rotundifolm 
opens it-s flowers only eaidy in the morning, BIr. 
Conybeare informs me that he once saw in Cornwall, 
at 2 the ground starred over with the fully- 
expanded flowers of this plant'^ He had previously 
long endeavoured to find a plant with open flowers. 

The number of species m which pods produced by 
cleistogamic flowers bury themselves in the ground is 
remarkable, I have attributed (p. 338) this action to 
the advanhige gained by their protection from various 
enemies, and much may be said in favour (jf this view ; 
but Blr, W. Thiselton Dyer in an interesting article 
(Nature, April 4, 1878, p, 446) has called attention 
Ui some observations made long ago by BIr. Eentham 
(Catalogue dcs Plantes indig, des Pyrenees, 1826, p, 85) 
on the fruiting of Hdianthenmm He 

believes, as does Mr, Dyer, that the capsules of this 
Helianthemnm and some other i>lants (for instance, oi 
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Cyclamen) arc kept cool anti moist by being lairl 
on tlie ground; they thus mature more slowly and 
are enabled to grow' to a larger size* In this 
simple action we probably see the first step to tlie 
furtlier development o£ the process, and to the capsules 



burying thomselves beneath the surface* In some 
cases the diflereiico between the snbaerial and sub- 
terranean pods on the same plant and both produced by 
cleistogamic flow'ers is extmordinary : !Mr. Bleehan sent 
me three subterranean pods of Ay^i^pMcarpma monmea^ 
each containing a single large seed ; and my own 
plants pRiduced several subaerial pods, each containing 
fR>m one to three small seeds. These latter weighed 
on ail average only of the subterranean seeds! 
This diftbreuce, however, is not quite accurate, as the 
coats of the subterranean pods adhered so firmly to the 
seeds that they w^ere not removed and were weighed 
with them ; but from their thinness and lightness 
they could not have much affected the result. 
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INTBODUCTION. 

The subject of the present volumej namely the dif- 
ferently formed flowers normally produced by certain 
kinds of plants, either on the same stock or on distinct 
stocks j ought to have been treated by a professed bota- 
nist, to which distinction T can lay no claim. As far as 
the sexual relations of flowers arc concerned, Linneous 
long ago divided them into hermaphrodite, monoecious, 
dioecious, and polygamous species. This fundamental 
distinction, with the aid of several subdivisions in each 
of the four classes, wiJl serve my purpose * but the 
classification is artificial, and the groups often pass 
into one another. 

The hermaphrodite class contains two interesting 
sub-groups, namely, hete restyled and cleistogamic 
plants ; but there are several other less important 
subdivisions, presently to be given, in which flowers 
differing in various ways from one another are pro- 
duced by the same species. 

Some plants were described by me several years ago, 
in a series of papers read before the Lioncan Society,* 

* tho Two Forms, or DR of Primula, and on their rtiuiark- 
tuorpl lie Condition ill tht Bpecios able ISexunl liolfttions.'^ ‘Jotirmil 
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the individuals of which exist under two or three 
fomiSj differing in the length of their pistils and 
stamens and in other respects. They were called by 
me dimorphic and trimorpbic, but have since l>eeii 
better named by Hildebrand, hoterostyled * As I 
have many still unpnhliahed observations witli respect 
to these plants, it has seemed to mo advisable to re- 
publish my former papers in a connected and cor- 
rected form, together with the new matter. It will he 
showm that these lieterostyled plants are adapted for 
reciprocal fertilisation ■ so that the two or three forms, 
though all are hermaphrodites, are related to one 
another almost like the males and females of ordinary 
unisexual animals, 1 will also give a full abstract of 
such observations as have been published since the 
appearance of my papers ; hut only those cases will be 
noticed, witli respect to which the evidence seems fairly 
satisfactory. Some plants Lave been supposed to be 
heterostyled merely from their pistils and stamens 
varying greatly in length, and I have been myself 
more than once thus deceived. With some species the 



of the Procendin^B of the Liniiettli 
Soeioty/ voL vi. 18C2, p. 77. 

“On the Eiistonce of Two 
Formtt, and on their Itee^roeal 
SeJCiial Ite’iitloii, in several Siiecies 
of the Gonufl Lmuiu.” Tbid. vol 
vLi. isen, p. m. 

“On the Sexual KelatioTiaor the 
Th rt-oFriitraa of mmmitharia/' 

Ibid. voL viii. I8b4, p. 169^, 

‘ ^ Uii the Character and Hybrid- 
like Nature of the Oftupriti" fmm 
the llkij^tiioate Uiiiobs ot Diiunr- 
phic ftiici TrimorpJiic Pliints.” 
Ibid. vol. X. 18t)8, p, 39S. 

“ On ihf! Spec! til) Diffcteiic'es 
between Primula. Brit. Fi. 

(var. i^cinalis, Line.), P.vutijarig, 
Brit. FJ. (var, Lidii,), aud 



P, Jaori. : aud on tho 

Hybrid Nature of the Conmic>n 
Oxllp. With Supplementary Be- 
TLiflikarm Naturally Pfoduc^ liy* 
bridjj in the CreniiB Vorbtociim.*' 
Ibid, vul, X. 1888, p. 437. 

* Tile terjn'*lieteroisty led ”deea 
not cxprti«H all the dilfeft'uceb be- 
tween the Ibmis : but tliia hi a 
failure c^umucm iu many caeoa. 
Aa the term Leus bi'Oii adopted by 
writers in vario^H countrieB^ I am 
uuwillinf^ to cLirngo it for tlmt of 
heterogwir. or though 

thi& lias been proposiod by so high 
an Liuthorityad Prof. Asa Uray: 
see the * American Naturalist,^ 
Jan. 1877, p. 42, 
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pistil continues growing tor a long time, so that if M 
and young flowers are compared they might bo thought 
to be heterostyled. Again, a species tending to become 
(Hmcioiis, with the stamens reduced in some individuals 
and Avith the pistils in others, often presents a deceyn 
tive appearance. Unless it be proved that one form 
is fully fertile only when it is fertilised with pollen 
from another form, we have not complete evidence 
that the species is heterostyled* But when the pistils 
and stamens differ in length in two or three sets of 
individuals, and this is accompanied by a difference in 
the size of the pollen -grains or in the state of the 
stigma, no may infer witir much safety that the species 
is hctcrostyled. I have, ht>wever, occasionally trusted 
to a difference hetiveen the two forms in the length 
of the phitil alone, or in the length of the stigma 
together with its more or less papillose condition ; ami 
in one instance differences of this kind have been 
proved by trials made on the fertility of the twoformf^, 
to be sufficient evidence. 

The second sub-group above referred to consists ol 
hermaphrodite plants, which bear two kinds of flowers 
— the one perfect and fully expanded — the other mi- 
nute, completely closed, with the petals rudimentary, 
often with some of the antliers aborted, and the re- 
maining ones together with the stigmas much reduced 
in size ; yet these flowers arc perfectly fertile. They 
have been called by Dr, Kuhn* cleistogamic, and they 



* ■ Batambche Ztiituiig/ 1SG7, 
p. C5, Stveriil planUiare known 
ot'otiijiorifllly to proUtice iiowurd 
destitute of a corolla; but tUey 
beloijg t ^ a differeut chtss of 
ccusca from cloia-togaiiiiti fiowora. 
This dulicienoy fleems to njauh 
froiu the cfuiditiou^ to whioli tlio 
plants iiavo been subjected, a,nd 



piittuke^i of the nature of a rnoTi' 
jjtroiiity. All tho flowere on tlie 
aaiue plant are commonly tiffecO il 
in the bunac mauntx. Such 
though they h;iyo uoiiietiijut^ft betn 
ranked aa. cleistogamic, do not 
oomo withm our preeicnt scopo: 
see Ur, Maxwell. Mastera., 
tiibLo Tcraioluuy/ lUm, p. 40;i. 
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M ill be described m the hist diapter of this volume* 
They are manifestly adapted for self-fertilisation, wbicb 
is effected at the cost of a >vondertully small espenfli- 
tore of pollen ; whilst the perfect flowers produced by 
the same plant are capable of cross-fertilisation. Cer- 
tain aquatic species, when they flower beneath the 
water, keep their corollas closed, apparently to protect 
their pollen; they might therefore be called cleisto- 
gamie, but for reasons assigned in the proper ]>lace are 
not Included in the present sul>group* Several dels* 
togamic species, as we shall hereafter sec, bury their 
ovaries or young capsules in the ground. Some few 
jdants produce subterranean flowers, as well as ordinary 
ones ■ and these might have been formed into a small 
separate subd i vl s ion* 

Another interesting subdivision consists of certain 
] plants, discovered by H, IMuIler, some individuals 
of which bear conspicuous flowers adapted for cross* 
tertilisation by the aid of insects, and others much 
smaller and less conspicuous flowers, w hich have often 
been slightly modified so as to ensure sclf-fertilisution. 
LijsimacJim E-iq/hriis-ia oJicinaUs, BMiianthus 

ensta-ffalU, and Viola tricolor come under this head.* 
The siualler and less conspicuous dowers are not closed, 
but as tar as the purpose which they serve is con* 
cerned, namely, the assured propagation of the species, 
they approach in nature eleistogamic flowers ; but they 

difter from them by the two kinds being jiroduced on 
distinct plants. 



Ith many plants, the flowers towards the outside of 
the inflorescencu are much larger and more cotispicu* 
ous than the central ones. As I shall not have occa- 



* II. Msi llcr, * Nature/ 2^5 
ltS75<vol, viii.), p, 4S3,aTiti Kov. 
^0, (vtJ. ix.), p. 44 . AJiio 
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sion to refer to plants of this kind in the following 
chapters, I will iiere give a few details respecting them. 
It is t ami liar to every one that the ray-florets of the 
Compositfe often difler remarkably from the others; and 
so it is with the outer floners of many Umbellifera\ 

•f r 

some Cruciferai and a few other families. Several 
species of Hydrangea and Viburnum offer striking 
instances of the same fact. The Ruhiaceous genus 
Mnsscenda presents a very curious appearance from 
some of the flowers liaying the tip of one of the sepals 
developed into a large petal-like expansion, coloure<l 
either white or purple. The outer iiowers in several 
Acantaceous genera are large and conspicuous, hut 
sterile ; tJio next in order arc smaller, open, moderately 
fertile and capable of cross-fertilisation ; whilst the 
central ones are cleistogamic, being still smaller, closed 
and highly fertile ; so that here the inflorescence con- 
sists of three kinds of flow ers,* From what we know 
in other cases of the use of the corolla, coloured hractea^, 
Ac., and from what H, 31 idler has ohservedf on the 
frequency of the visits of insects to the flower-heads of 
the Umhellifercc and GoinposiUe being largely deter- 
mined by their conspicnoiisncss, there can be no doubt 
that the increased size of the corolla of the outer 
flowers, the inner ones being in all the above cases 
small, sen-es to attract insects. The result is that 
cross-fertilisation is thus favouretl. Most flowers wither 
soon after being fertilised, but Hildebrand states f that 
the ray-florets of the CompositEe lust for a long time, 
until all those on the disc are impregnated ; and this 
clearly shows the use of the former. The ray-ilorets. 



• J. Scott. * Journal of ISolanvf 
London, new tecricii, vol. i. 1S72, 

pp. 

t 'Die Jlcfruehtung der ISlu- 



atenf pp. 108, 412. 

+ Sou hia itueneiitliig memoir, 
‘Ueber die Gufeclil eclitriverliultn iete 
bei deu Comjxjsitcn,' ] p. 
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however, aro of service in another and very differonf 
maiuier, namely, by folding inwards at. night and 
durint? cold rainy weather, so as to protect the florets 
of the disc."^ Moreover they often contain matter 
which is esecgsiyelv poiBonoiiS to insects, as may be 
seen in the use of flea-powder, and in the case of 
Pyrethrum, Belhomme hm shown that the ra}- 
ilorets are more poisonous than the disc-florets in the 
ratio of about three to two, We may therefore believe 
tliflt the ray-florets aro useful iu protecting the flouers 
horn being gnawed by insects. t 

It is a \\ ell-known yet remarkable fact tliat tlie cir- 
cumferential dovvers of many of the foregoing plants 
have both their male and female reproductive organs 
alforted, as with the Hydrangea, Viburaum and certain 
Comjwsitse ; or the male organs alone are absorted, as 
in many tkmipositaj* Between the sexless, female, and 
liennaphrodite states of these latter flowers, tlie linest 
gradations may be tmoed, as liildebraml has shown. { 
He also shows that there is a eloae relation between 
the size of the corolla in tine ray-floTets and the degree 
of abortion in their reproductive organs. As we have 
g(X)d reason to believe that these florets are highly 
SfTviceablc to the plants which possess them, more 
es]>ecially by rendering the flower-heads conspicuous 



* tveiTUPT glcarlr sliows thiit 
Ihin in tlie tTiee : *• Hie Schutzmitk-l 
ik'i rollens,’ 187^, p. 23. 

f ^ Qii nleri erV Chronido/ 1 SG 1 , 
p. 1007. LiticJloy, ‘ Vegetable 
Kmgdetu,’ On ClirytiftaUioniuin., 
p. 700. Kf'i-tier in Lis in- 
toreating 

(lep Blutlirn gbgen nnUruftno 
(Juste/ 1875,. p. 10) iusiisia tlmi 
tLu petals of Enoat tentaiii 

iimltef wbieh ia olToiisive to iti- 
otetri^ HO that they Erf aeldoDi 



and thna the organs of 
fructilifflitien aro proteeteil, My 
^rundfutLor in ITlJa (' Lovea 
the Flunta/ eanto iii. note to lints 
184, ISS) Ttmarks that ‘-Tlie 
flowers or petals of plants are 
perhaps iti general more oorid 
tikiii their IcSrves; lienct they uie 
iuucjIj ftyldomer enteu hy inaet^ts/'' 
t ‘ Ueber die (jeselilechtsvei- 
balttiiiitee bei den CompKnjiten/ 
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to insects, it is a natural inference tliat their corollas 
have been increased in sis^e for this special purpose ; 
an<l that their development has subsequently led, 
through the principle of compensation or haknee- 
ment, to the more or less complete reduction of the 
reproduetivo organs. But an op])osite view may be 
maintained, namely, that the reproductive organs 
first began to fail, as often happens under cultiva- 
tion,* and, as a consequence, the corolla became, 
through compensation, mere highly developed. This 
view, however, is not probable, for when hermaphrodite 
plants become dioecious or gyno-diceeious — that is, 
arc converted into liermaplirodites and females— the 
corolla of the female seems to he almost invariably 
reduced in size in consequence of the abortion of the 
male organs. The difference in the result in these two 
classes of cases may perhaps be accounted for by the 
matter saved througii the abortion of the male organs in 
the females of gy no- diced ous and dicecions plants being 
directed (as ive shall see in a future chapter) to the for- 
mation of an increased supply of seeds ; whilst In the 
case of the exterior florets and flowers of the plants 
which we are here considering, such matter is expended 
in the develoj^ment of a conspicuous corolla. Whether 
in the present class of cases the corolla was first af- 
fected, as seems to mo the more probable view, or the 
reproductive organs first failed, their states of develop- 
ment are iiow^ firmly correlated* We sec this well illus- 
trated ill Hydrangea and Viburnum ; for when these 
plants are cultivated, the corollas of both the interior 
and exterior flowers become largely developed, and 
their reproductive organs are aborted. 



* I have di,iH<suEified this eiubjecL xviii. 2nd edit, voh ii* pp* 
m my ^ VariatioD of Aiiimu.ltt and 156* 

Piautd und£f Doia^i^tlGatioii/ clmp. 
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Tbero is a closely analogous subflivision of plaTitSt 
iiicliKling the genus Miiscari {or Feather Hyadntb) 
and tbe allied Bcllevalia, which bear both perfect 
lowers and dosed buddike bodies that never expand. 
The latter resemble in this respect cleistogamic 
doweiSj but differ widely from tliem in being sterile 
and conspicuous. Not only the aborted flower-buds 
and their peduncles (which are elongated apparently 
through the principle of compensation) arc brightly 
coloured, but so is the upper part of the spike — 
all, no doubt, for the sake of guiding insects to the 
inconspicuous perfect flowers. From suck cases as 
these wo may pass on to certain Labiatae, for instance, 
Salvia Ilorminumf in which (as I hear from 31 r. Tkisel- 
ton Dyer) the upper bracts are enlarged and brightly 
coloured, no doubt for the same purpose as before, with 
the flowers suppressed. 

In the Carrot and some allied Umbelliferee, the cen- 
tral flower hiis its petals somewhat enlarged, and these 
are of a dark purplish-red tint; but it cannot be sup- 
posed that this one small flower makes the large white 
umbel at all more couspiciioiis to insects. The cen- 
tral flowers are said* to be neuter or sterile, but I 
obtained by artificial fertilisation a seed (fruit) apj>a- 
rently perfect from one such flower. Occasionally two 
or three of the flowers next to the central one are simi- 
larly characterised; and according to Vaueher f eette 
siuguliere degeneration s^etend quelquefois a rombelle 
entiere/* That the nioditicd central flower is of no 
tmictional importance to the plant is almost certain. 
It may perhaps be a remnant of a former and ancient 
condition of the species, when one flower alone, the 

I * ‘^*'0 Flora,’ by Sir d’Earope,’ im, ii p. GlL 

J . E. hraUh, im, VDl ii. p. ao. Ou tbo Echmopliora, u. ti27. 

t ‘ HlsL Pliya. dfcj Pkqiea 
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central one, female and yielded seeds, as in the 
umhelliferons f^eniis Echinophora* There is nothing 
surprising in the central flower tending to retain its 
former condition longer than the others ; for when ir- 
regular flowers become regular or peloric, they are apt 
to be central ; and such peloric flowers apparently owe 
their origin either to arrested development — that is* to 
the preservation of an early stage of development — -or 
to reversion* Central and perfectly developed flowers 
in not a few plants in their normal condition (for in- 
stance, the com in on Eue and Adoxa) differ slightly in 
structure, as in the number of tlie parts, from the other 
llowers on the same plant. All such cases seem con- 
nected with the fact of the bud which stands at the 
end of the shoot being better nourished than the 
others, as it receives the most sap.* 

The cases hitherto mentioned relate to hermaphro- 
dite species which bear differently constructed flowers ; 
but there are some plants that produce differently 
formed seeds, of which Dr. Kuhn has given a list-t 
With the Umbel liferse and Composite, the dowers that 
produce these seeds likewise differ, and the differences 
in the struct lire of the seeds are of a very important 
nature. The causes which have led to differences in 
the see<ls on the same i>l ant arc not known ; and it is 
very doubtful whether they subserve any special end. 

We now come to our second Class, that of monoecious 
species, or those wliioh have their sexes separated but 
borne on the same plant. The flowers necessarily 
differ, but when those of one sex include rudiments 



* Thie whole tnibje<st, iijclinl in g lli>raestioFttioJif ohajj, xxvi* 2uil 
peloriMn* ha* been diecuswd, and edit. vol. it. p. 33S, 
relerenced tjiveiii in my ‘ Viiritition t * Eot. Zoituiig,^ 18d7, p. G7. 
of AnimatH and Piaut^j under 
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of tilo other SC 5 , tlio difference between the two kindn 
is ii&u?illy not ^mxt. When the difference la ^reat, 
as we see in catkin-bearing plants^ this depends 
largely on many of the Sf>ceies in this, as well as iu 
the nest or dioecious clnsSj being fertilised by tJie 
aid of the wdiidj* for the male llowers have in this 
case to prod nee a surprising amount of incoherent 
pollen. Some few moumcious plants consist of two 
bodies of individuals, wdth their flowers differing iu 
fimctionj though not in structure ; for certain indiyi^ 
duals mature their pollen before the female flowers on 
the same plant are ready fur fertili sat 1011, and are called 
proterandroiis ; whilst conversely other individuals, 
called p'lroterogynousj have their stigmas mature before 
their pollen is ready, Tho purpose of this curious func- 
tional difference obviously is to favour tlie cross-fertiH- 

if 

sation of distinct plants. A ease of this kind was first 
observed byDelpiino in the Walnut (Jh^/a res retjia), and 
has since been observed with tlie common Xut ( 0 </ri/lus 
avellana). According to IL Muller the individual 
plants of a few hermaphrodite species differ in a like 
manner; some being proterandrous and others pro- 
tcrogynous-t On cultivated trees of tho Walnut and 
Mulberry, the male flowers have been observed to abort 
on certain individualsjt whicli have thus been converted 
into lemales; but whether there are any species in a 
state of natnre Avhieh co-exist as moncecious and female 
individuals, I do not know. 



The third Class consists of dicecious species, and tlie 



* l>elpin(s ‘ Btudi aopm uno 
An0iiiofUo/ Fironze, 

1S71. 

t Delpino, Oaecrv azinni 

fcullu picaj^auiiii,' part ii. (aac. if, 
p. ^7. Mr. Wttterhan muI H, 
Miiller <m U>rj^iud, ‘ Nutuw,' vuL 



si. p, 507, Mid 1875, p, Ou 
proterinclrouii anil proten.tgyiious 
Ltnikaphroiiito iiidividimls of the 
Jsainfl ttpeeiofl, H. Jliillor, * Uio 
Ut-fruf'htUiif;,' pp. ^85 , dSO. 

t ^ Uhron,’ iSlT, pp. 

5 dl, 558 . 
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remarks made under the last class with respect to tlie 
amount of difference between the male and female 
llowers are liere applieable. It is at present an in* 
explicable fact that wdth some dicecions plants, of 
which the liestiacefe of Australia and the Cape of 
Good Hope offer the most striking instance, the dif- 
ferentiation. of the sexes has affected the whole plant 
to such an extent (as 1 hear from BIr, Thiseltou Dyer) 
that Mr, Bent ham and l^rofessor Oliver hsive oiten 
i'oiind it impossible to niateh the male and female spe- 
cimens of the same species. In my sevtnith chapter 
some observations will be gi^^en on the gradual con- 
version of heterostyied and of ordinary hermaphrodite 
plants into diooeious or snb-dicccious species. 

The fourth and last Glass consists of the plants w hich 
were called polygamous by Linmeiis; but it appears to 
me tliat it ^v'ould bo convenient to confine this term to 
the species which co-exist as hermaphrodites, males, an<l 
females ; and to give now names t<j several other com- 
binations of the sexes — a jdan which I shall here 
follow* Polygamous plants, in this confined sense of 
the term, imiy be divided into two sub-groups, accord- 
ing as the three sexual forms are found on the Baino 
individual or on distinct individuals. Of this latter or 
trioicous suh-groiip, the common Ash (Fmximis ex- 
cehior) offers a good instance : thus, I examined during 
the spring and autumn fifteen trees growing in the 
same field ; and of these, eight produced male flowers 
alone, and in the autumn not a single seed ; four pro- 
duced only female fiowers, w hich set an abundance of 
seeds ; three were hermaphrodites, i.vhich had a dif- 
ferent aspect from the other trees wliilst in flower, and 
two of them produced nearly as many seeds as the 
female trees, whilst the third produced none, so that it 
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wiis iti function a male. The Hcparation of the sexes, 
liowever, is not complete in the ^Vsh ; for the female 
flowers include stamens, which drop off at an early 
period, and their anthers, which never open or dehisce, 
generally contain pulpy matter instead of pollen. On 
some female trees, however, I found a few anthers con- 
taining pollen-grains apparently sound. On the male 
trees most of the flowers include pistils, but these like* 
wise drop off at an early period ; and the ovules, w^hieh 
ultimately abort, are very small compared with those 
in female llowers of the same ago. 

Of the other or monoecious sub-group of polygamous 
plants, or those ivhich hear hermaphrodite, male and 
female flowers on the same individual, the common 
ilaple ( Acer campestre) offers a good instance ; hut 
Lecoq states * that some trees are truly dioecious, and 
this shows Loiv easily one state passes into another, 

A considerable number of plants generally ranked 
as polygamous exist under only two forms, namely, as 
Iierrnaphiodites and females ; and these may be called 
gyno-dioecious, of which the common Thyme offers a 
good example. In my seventh cliapter I shall give 
some observations on plants of this natnre. Other 
st>ecie3, for instance several kinds of A triplex, hear on 
the same plant hermaphrodite and female flowers ; and 
these might be called gy no-mo ncecious, if a name wQvo 
desirable for them. 

Again there are plants which produce hermaphro* 
<lite and male flowers on the same individual, for in- 
stance, some species of Galium, Veratnim, &c, ; and 
these might be called andro-monoocious. If there 
exist plants, the individuals of which consist of her- 
maphrodites and males, these might be distinguished 



* * Geographic tom. v. p. 367 , 
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as an<lrQHlioecioii3, But, after making inquiries from 
seyeral botanists, I can hear of no such cases. Lecoq, 
howeverj states,* but ivithout entering into full details, 
that some plants of Ca^tha jMludris produce only male 
fiowers, and that these live mingled with the her- 
maphrodites. The rarity of such cases as this last one 
is remarkable, as the presence of hermaphrodite and 
male flowers on the same individual is not an un- 
usual occurrence; it would appear as if Nature did 
not think it worth while to devote a distinct indi- 
vidual to the production of pollen, excepting when 
this was iiulispensably necessary, as in the case of 
dioscLoiis species. 

1 have now finished niy brief sketch of the several 
cases, as far ub known to me, in which flowers differing 
ill structure or in function are produced by the same 
species of plant. If nil details ivili he given in the fol- 
lowing chapters with respect to many of these plants. 
I will begin with the heterostyJed, then pass on to 
certain dicecious, sub-dioecious, and polygamous species, 
and end with the cleistogamic. For the convenience of 
the reader, and to save space, tlie less important cases 
and details luive been printed in smaller type. 

I cannot close this Introduction without expressing 
my warm thanks to J)]\ Hooker for supplying me with 
specimens and for other aid; and to Jin Thiselton 
Dyer and Professor Oliver for giving me much in- 
formation and other assistance. Professor Asa Gray, 
also, has uniformly aided me in many ways. To Fritz 
Midler of St. Cathariua, in Brazil, I am indebted for 
many dried ilow ers of heterostyled plants, often accom- 
panied with valuable notes. 



Gco^rupliie Butanique," tom. iv. p. 488. 
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IIetehostyled DiMoiti'riio Plasty ; Feimi'lah,'E.e. 

Primula verie or tba C&welip — DifIgreaceH ia eiructtire between tbe 
two fonne— Ttieir degrees of fertility whan lej^itimaUsly and ille- 
gitimately united — F. elulior, vulgorisK Sinenst®, auricular — 
8u miliary on the fertility cif the beferostyled speoiea of Primiilft— 
lloTuostyled epuelea of Filiaula— llottotiia jialuatria — Autlmaace 
Vital liana. 



It has long l>ecn known to botanists that tbe coimnoii 
Cowslip [Primula veris, Brit. Flora, var. o£i&inalh^ 
I>iin) exists under two forms, about equally numerous, 
w’liicb obviously differ from eaeli other in the length 
of their pistils and stamens.* This diSerence has 
hitherto been looked at as a ease of mere varia* 
bility, but this view, as we shall presently see, is far 
from the true one. Florists vvho cultivate the Pol van- 
thus and Auricula have long been aware of the two 
kiuds of flowers, aiul they call the plants which dis- 
play the globular stigma at the mouth of the corolla, 
pin-headed ” or pin-eyed,” and those which display 
the anthers, tlirum-eyed.”t I will designate the two 
forms as the long-styled and short-styled. 

riie pistil in tlie loug-styled form is almost exactly 
twice as long as that of the sliort'-styled. The stigma 



TIiIb fftt't, according to von 
MohlCBot. ZeitiUig/lSijSJ, p, 33^1 
waa tirat observed bv Fcr^n in 
the yeaj 1734. 

t Iti JohuHon’i Dictionary 
ihtum is aoid to bo the ends of 
weavers' threads: and I supijo^ 



that Bfluie weLwer who 
the poly fttithua invented tliiiiiajtie, 
fnjLu being struck with aoinedegrt^ 
of rcseiublaticij between the oluster 
of anthers in tbe mouth of tlie 
Romllfl, ftni the ends of lila 
thread e. 
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stands in the month of the corolla, or projects just 
aliove it, ami is thus externally visible. It stands 
high above tli0 anthers^ wliich are sitiiHitcd halfway 
down flic tube and cannot be easily seen. In the 
short-styled form tlic anthers are attached near the 
mouth of the tube, and therefore stand above the 
stigma, which is seated in about the middle of the 
tiilnilar corolla. The corolla itself is of a diflrerent 



shape in the two founs; the throat or expanded 
portion above the attachment of the anthers being 
much longer in the long- styled than in the short- 
styled form* Village children notice this differencCj 
as they (!an best make necklaces by threading and 
slipping the corollas of the long-styled flowers into 
one another. But there are much more important 
differences. The stigma in the long-styled form 







l-ong-styleJ form. Short-styled form. 
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is globtilur ; in tin? short-styled it is dopresaod on 
the siimtiiit, so that the loiigitudiual axis of the 
former ia sometimes nearly double that of tlie Litter. 
Altliongh it is somewhat variable in shape, one differ- 
ence is persistent, namely, roughness : in some speci- 
mens carefully compared, the pap i Ike which render 
tlie stigma rough were in the long-styled form from 
twice to thrice as long in the short-styled. The 
anthers do not differ in size in the two forms, which 
1 mention, because this is the case with some hetero- 
styled plants. The most remarkable difference is in 
tlie pollen-grains. I measured with the micrometer 
many specimens, botli dry and wet, taken from plants 
growing in different situations, and always found a 
palpable difference. The grains distended with water 
from the short-styled flowers 'were about 0G8 mm. 
( VVem inch) in cliameteTj whilst, those from the 

long-styled were about -0254 mm. (x^/oo inch), 

which is in the ratio of 100 to 67. Tlie pollen-grams, 
therefore, from the longer stamens of the short-styled 
form are plainly larger than those from the shorter 
stamens of the long-styled. When examined dry, 
the smaller grains are seen under a low^ power to 
he more transparent than the larger grains, and 
apparently in a greater degree than can be ac- 
counted for by their less diameter. Tliere is also a 
difference in shape, the grains from the sLort-styled 
plants being nearly spherical, those from the long- 
styled being oblong with the angles roumled ; this 
ditierence disapjx^ars w'hcn the grains are distended 
with water, ihe long-styled plants generally tend 
to flower a little before the short-styled : for instance 
I had twelve plants of each form growing in sepan:Vte 
pots and treated in every respect alike j and at the 
time when only a single short-styled plant was in 



CWAt. I. 



PRIMULA VERIS, 



17 



flower, seven of tlio long^-styled had expanded their 
flowers, 

We shall, also, presently see that the short-styled 
plants prodnee more seed than the long- styled. It is 
remarkable, aeeording to Prof* Oliver,* that the ovnles 
in the nnexpanded and unimpregnated flowers of the 
latter are considerably larger than those of the short- 
styled flo Wei’S ; and this I suppose is eonnccted with 
the long-styled flowers producing fewer seeds, so 
that the ovules have more space and nourishment for 
ra})id development* 

To sum up the difference : — The long- sty led plants 
have a much longer pistil, w ith a globular and much 
rougher stigma, standing high above the anthers. The 
stamens are short; the grains of pollen smaller and 
oblong in shape, The upper half of the tube of the 
corolla is more expanded* The number of seeds pro- 
duced is smaller and the ovules larger* The plants 
tend to flower first. 

The short-styled plants have a short pistil, liaif the 
length of the tube of the corolla, with a smooth de- 
pressed stigma standing beneath the anthers. The 
stamens aro long ; the grains of pollen are sphericiil 
and larger* The tube of the corolla is of uniform 
diameter except close to the upper end* The number 
of seeds produced is larger, 

I have examined a large number of tiowers; and 
though the shape of the stigma and the length of the 
pistil both vary, especially in the short-styled form, I 
have never met with any transitional states between 
the tw^o forms in plants growing in a state of nature. 
There is never the slightest doubt under which form a 
plant ought to be classed* The two kinds of flowers are 



* *Nat. Hist. Kevitiw,’^ July iSS2, p. 237. 
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never found on the same individual plant, I marked 
many Cowslips and Primroses^ and on tlie following 
year all retained the same oharacterj as did some in my 
garden which flowered out of their proper setison in the 
autumn* Mr* W. Wooler, of Darlington, however, in- 
forms us that he has seen early blossoms on the Polyan- 
thus,* whioli were not long -styled, but became so later 
in the season* Possibly in this case the pistils may not 
have been fully developed during the early spring. An 
excellent proof of the permanence of the two forms may 
he seen in nursery -gardens^ where choice varieties of 
the Polyanthus are propagated by division ; and I found 
whole beds of several varieties, each consisting exclu- 
sively of the one or the other form. The two forms exist 
%* 

in the wild state in about equal numbers : I collected 
1522 uivibels from ])lauts growing in several stations, 
taking a single umbel from each plant ; and 2-il were 
long-styled, and 281 shoit-styled* Xo diherenee in 
tint or size could be perceived in the two great masses 
of howlers* 

Wo shall presently see that most of the species of 
Primula exist under tw^o analogous forms; and it may 
he asked what is the meaning of the above-described 
important difierences in their structure ? The ques- 
tion seems well worthy of careful investigation, and I 
will give my observations on the cowslip in detail* 
The hi’st idea wJiich naturally occurred to me wits, 
that tills species was tending towards a dicecious 
condition; that the loiig-styled plants, ivith their 
longer pistils, rougher stigmas, and smaller pollen- 
grains, were more teminiue in nature, and would pro- 
duce more seed that the short-sty led plants, with 
their shorter pistils, longer stamens and larger pol- 



* r have proved by auineTCJUB 
eitpor iiuenta, liercftfterto be "iveo. 
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len- grain !5, were more masculine in nature. Accord- 
ingly, in ISOO, T marked a few cowslipa of bntk forms 
growing in my garden, and others growing in an 
open field, and others in a shady wood, and gathered 
and weighed the seed. In all the lots the sliort- 
styled plants yielded, contrary to my expectation, most 
seed. Taking the lots together, the following is the 
result : — ^ 

Table* 1. 







Nuinbc-r 

of 


Xujiilwr 
of Umbels 
prtMlucuc). 


Number 
of Cupsulen 

prod lived. 


Weight 






01 m 

gtiilliii;. 


Short-jjt>i€<l 


cowslips . 




33 


li)9 


S3 


Long-stjrlci 


cowalipa . 


13 


51 


2G1 


91 



If we compare the weight from an equal number of 
plants, and from an equal number of umbels, and from 
an equal number of capsules of the two forms, we get 
the following results : — 



Table 2. 
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Number 

of 

Plants, 


W'eight 
of Seed 
In 

gralna. 


Sunilier 

ol 

UintelSi 


Weight 

uf 

Seed, 


Number 
uf L'aj.>- 


W^etgljt 
gf Sesd 
in. 

gi'aiuF;. 


Short-stj'l&iJ cowslips . 


lU 


93 


100 


251 


100 


41 


Long^iStyled cowslips 


10 


70 


lOO 


173 1 


100 


34 



So that, by all these standards of comparison, the 
short -sty led form is the more fertile ; if we take the 
number of umbels (which ig the fairest standard, for 
large and small plants are thus equalised), the short- 
styled plants produce more seed than the long-stylcil, 
in the proportion of nearly four to three* 

In 18dl the trial was made in a fuller and fairer 

c 2 
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manner* A number of wild plants had l>een trans- 
planted during the previous autumn into a large bed 

in mv garden, and all were treated alike ; the result 
*• & ^ 

WilS- — 

Table H. 





Number 


Number 




— 


of 


of 


uf Serf In 




PluiU* 


Umbels. 


gmilw* 


Short-atyled cowslips . 


47 


173 


745 


Long*5ij4ed cowslips , 


53 


2oa 


692 



These figures give U3 the following proportions i — 



Table 4. 






Nombtr 

uf 

Plants. 


Weight 
or Seed in 
griniaa. 


Number 

or 

UmbeU. 


Wetffht 
uf Serf I'D 
graiuB. 


Short -styled cowslips , 


100 


15S5 


100 


430 


Lcng^tylcl ccw^lipij . 


100 


10&3 

! 


100 


332 



The season was mueh more favourable this year than 
the last ; the plants also now grew in good soil, hi stead 
of in a shady woodj or struggling with other plants in 
the open field \ consequently, the actual piWuce of 
seed was considerably larger* Xevertheleas we have 
the same relative result ; for the short-styled plants 
produced more seed than the long-styled in nearly the 
proportion of three to two ; but if we take the fairest 
standard of comparison, namely, the product of seeds 
Irom an equal number of umbels, the excess is, as in 
the former case, nearly as four to three. 

Looking to these trials made during two successive 
years on a large number of plants, we may safely cou- 
dude that the short-styled form is more productive 
than the long-styled ibrm, and the same result h<.Jds 
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good with some other speeiea of Primula. Conse- 
quently my anticipation that the plants with longer 
pistils, rougher stigmas, shorter stamens, and smaller 
pollen-grains, would prove to be more feminine in 
nature, is exactly the reverse of the truth* 

In 1860 a few umbels on some plants of both the 
long-styled and short-styled form, which had been 
covered by a not, did not produce any seed, though 
other umbels on the same plants, artificially fertilised, 
produced an abundance of seed ; and this fact shows 
that the mere covering in itself was not injurious. 
Accordingly, in 1861, several plants were similarly 
covered just before they expanded their dowsers ; these 
turned out as follows : — 



Table 5. 



— 


Nutuber 

of 

PlftHlH, 


Number 
of Umbelu 
produced. 


Product of Seed r 


Short-atyled . 


s 


24 


Jl’'3 grain weight of seed* 
\ or about 50 in numbfH'. 


LoQg-ilvlfHi . * . 


13 


74 


Nut one seed. 



Judging from the exposed plants which grew all round 
in the same bed, and had been treated in the same 
manner, excepting that they ha<l been exposed to 
the visits of insects, the above six short-styled plants 
ought to have produced 92 grains^ weight of seed 
instead of only 1 ’ 3 ; and the eighteen long-styletl 
plants, which produced not one seed, ought to have 
produced above 200 grains’ weight. The productioii oi 
a few seeds by tlie short^atyied plants was probably due 
to the action of Thrips or of some other minute insect. 
It is scarcely necessary to give any additional evi- 
dence, hut I may add that ten pots of polyanthuses and 
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t^owslips of Ixjth forms, protected trom insects in my 
groeuhouse, did not set one pod, though artificially 
fertilised ilowera in other pots produced an abundance- 
We thus see that the visits of iu sects axe aljsolutely 
necessary for the fertilisation of Primula wj's* If the 
corolla of the long-styled form had dropped ofi', in- 
stea<.l of remaining attached in a withered state to 
the ovarium, the anthers attached to tlie lower part of 
the tube with some pollen still adhering to them 
would have been dragged over the stigma, and tiie 
flowers would have br;en partially self-fertilised, as is 
the case with Friniula Binmsis tlirough this means. 
It is a rather curious fact that so trifling a difference 
as the fiilliug-off of the withered corolla, should make 
a very great difference in the number of seeds pro- 
duced by a plant, if its flowers are not visited by 
insects. 

The flowers of the cowslip and of the other species of 
the genus secrete plenty of nectar; and 1 have ot'teu 
seen humble-bees, especially B. hartortini and 
sucking tlie fonner in a proper manner,* though they 
sometimes bite holes through the corolla* No doubt 
moths likewise visit the flowers, as one of mv sons 
caught Cueulliaverhami in the act. The pollen readily 
adheres to any thin object which is inserted into a 
flower* The anthers in the one form stand nearly, hut 
not exactly, on a level with the stigma of the other; 
for the distance between the anthers and stigma in the 
short-styled form is greater tlmu that in the long- 
styled, in the ratio of 100 to 90* This difference is 
the result of the anthers in the long-styled form 
standing rather higher in the tube than does the 
stigma in the short-styled, and this favours their 

iilfio aeon Ari- siickinf; the flowtra* ■‘Nature,* 
ihopkora pihprm uuJ u Ilviubyiiu!. Dec. lOUi, 1874, p. J 11* 
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pollen being deposited on it. It follows from the 
position of the mrgana that if the proboscis of a 
dead hniubie-hee^ or a thick bristle or rough needle, 
be pushed down the corolla, first of one term aiul 
then of the other, as an insect would do in Yisltinw 

^ r5 

the two forms growing mingled together, pollen from 
the ioiig-stamened lorin adheres round tho base of 
the object, and is left with certainty on the stigma 
of the long-styled form ; whilst pollen from the short 
stamens of the long-sty led form adheres a little way 
above the extremity of the object, and some is 
generally left on the stigma of the other form. In 
accordance with this observation I found that the 
two kinds of pollen, Avhich could easily be recog- 
nised under the miscroscope, adhered in this manner 
to the proboscides of the two species of liumhle- 
becs an<l of the moth, wliich were caught visiting 
the flowers ; but some small graiiis were mingled 
with the larger grains round the base of the proboscis, 
and conversely some large grains with the small 
grains near the extremity of the proboscis. Thus 
pollen will be regularly carried from the one form 
to the other, and they will reciprocally fertilise one 
another, l^evcrtheless an insect in withdr^iwing its 
proboscis from the corolla of the long- styled form 
cannot fail occasionally to leave pollen from the same 
flower on the stigma ; and in this case there might 
be self-fertilisation. But this will be much more 
likely to occur with the short-atyled form ; for when 1 
inserted a bristle, or other such objects in the corolla 
of this form, and had, therefore, to pass it down be- 
tween the anthers seated round the mouth of the 
corolla, some pollen was almost invariably carried 
down and loft on the sti<^ma. Minute insects, such 
as TTirips, which sometimes haunt the flowers, would 
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likewise bo apt to cause the self- fertilisation of both 
forms* 

Tlio several foregoing iaots led me to try tho effects 
of the two kinds of pjllen on the stigmas of the 
two forms* Four essentially different imions are pos- 
sible ; namely, the fertilisation of the stigma of the 
long-styled form by its own-form pollen, and by that 
of the short-styled ; and the stigma of tho short-styled 
form by its own-form pollen, and by that of the long- 
styled* T he feitilisatLon of either form w ith pollen from 
the other form may he conveniently called a 
utiioUf from reasons hereafter to bo madecletir; and that 
of either form with its own-form pollen an iUegUimate 
unma. T formerly applied the term “heteromorphic ” 
to the legitimate unions, and “ homomorphic " to the 
illegitimate unions; but after discovering the exist- 
ence of triinorphic plants, in wrhich many more unions 
are possible, tiiese tw^o terms ceased to be applicable. 
The illegitimate union of both forms might have been 
tried in three ways ; for a flower of either form may be 
fertilised with pollen from the same flower, or with that 
from another flower on the same plant, or with that 
from a distinct plant of the same form* But to make 
iiiy experiments perfectly fair, and to avoid any evil 
result from sell-tertilisation or too close interbreeding, 
1 have invariably employed pollen from a distinct- 
plant oi the same form for the illegitimate unions of 
all tho species ; and therefore it may bo observed that 
I have used the term ‘^own-form pollen” in speaking 
of such unions. The several plants in all mv experb 
inentii were treated in exactly the same manner, and 
v\ere carefully protected by flne nets from the access of 
insects, excepting Thripa, which it is impossible to ex- 
chide. I performed all the nianipnlations myself, and 
weighed the seeds in a chemical balance; but during 
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many subsequent trials I followed tbe more accurate 
plan of counting the seeds. Some of the capsules con- 
tained no seeds, or only two or three, and these are 
excluded in the column headed “ good capsules in 
several of the following tables 



Table 6. 



Primula verU^ 



Niiurt- of tlie Union, 


Komber 

of 

FloWt'ITH 


T otat 
JJumber 
of 

Capsules 

pn\>iluoe<i. 


dumber 
of gLHa 
Capgulos. 


W'eigbt 
tif In 


CALcuLaled 
Wui^ht of 
fnim 
] Ofl gtJChJ 
Oinpsules. 


Long-styled by poUftu 
ofshort-atyleJ. Le- ^ 
gitiinatn union , , 


22 

1 

! 


15 


14 


8'8 


G2 


Long-ityled by own-j 
form pollen. 
gitiuiat« uniion . . | 


i 

1 

i 2Q 


s 

i 


5 


£1 


42 


SboTt-styled by pollen 
of lt>ng*styieil. Le* ■ 
gitiinsite nnioti . . 


13 


12 


11 


4*3 


44 


Short-styled hy own- 
fonn pollen, lllt;^ 
gitimate union , « 


15 


8 


6 


1*3 


30 


Summary: 

The two legitimate! 
nniuns . . . ./ 


1 

! 

35 ' 

1 

1 

i- 


27 


25 


13-7 


54 


The two illegitimabe! 
uniottst » ^ . ,/ 


35 


IG 


11 


39 


35 



The results may bo given in another forin (Table 7) 
by comparing, iirst, the number of capsules, whether 
good or had, or of the good alone, produced by 100 
flowers of both Ibrms when legitimately and illegiti- 
mately fertilised ; secondly, hy comparing the w^eight 
of seed in 100 of these capsules, whether good or bad ; 
or, thirdly, in 100 of the good capsules. 
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Table 7* 



Nature of tlio 
Onkm. 


Number 

of 

Flowara 

fer* 


Numljflr 

of 

Cap- 

SUlBS. 


Numl*T 

of 

Cap- 


VVetght 

of 

in ; 
.1 


KumBar 

of 

Cdp- 

auLoji^ 


WcEgtU 

ofSwl 

In 

I^oIclK. 


Nunib^ 
of gjHid 
{Jap- 
an Lea. 


VL'fHgLit 
of Spipi 

m 

gTflJnRr 


The two le- 
g itiir at e 


100 


■77 


71 


39 |l 


100 


50 


too 




TKt two il-| 
legitimate ^ 
unions . ) 


. lOO 
1 
1 
1 


4-5 


SI 




I 100 

1 

1 


2-S: 


100 


35 



We here see that the k>ng-styled ilowers fertilised 
with pollen from the short-styled yield more capsules, 
especially good ones (i.e* containing more than one 
or two seeds), and that these capsules contain a greater 
proportional weight of seeds than do the flowers of the 
long-styled when fertilised with pollen from a distinct 
plant of the same form* Bo it is with the short-styled 
flowers, if treated in an analogous manner. Therefore I 
have called the former method of fertilisation a legiti- 
mate unioHj and the latter, as it fails to yield the full 
complement of capsules and seeds, an illegitimate 
union, Ihiese two kinds of union aro graphically 
represented in ITg, 2. 

If we consider the results of the two legitimate 
unions taken together and the two illegitimate ones, 
as shown in Table 7, we sec that tho former com- 
pared with the latter yielded capsules, w^hether con- 
taining many seeds or only a few, in the proportion of 
77 to 45, or as 100 to 58, But the inferiority of the 
illegitimate unions is hero perhaps too great, for on a 
subseipient occasion 100 long-stvled and short-styled 
flowers were illegitimatidy tertiiisod, and they together 
yielded 53 capsules : therefore the rate of 77* to 53, or 
as 100 to 09, is a fairer one than that of 100 to 58. 



* 
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Eetimiing to Table 7, if we consider only the good 
capsules, those from the two legitimate unions were to 
those froin the two illegitimate in number as 71 to 31, 
or as 100 to 44. Again, if we take an equal n Timber of 
capsules, whether good or bad, from the legitimately 
an<l iDogitimately fertilised flowers, tvo find that the 
former contained seeds by weight compared with the 
latter as 50 to 24, or as 100 to 48 ; but if all the 

2 - 



rjegltlmati> union. 
Cumpletf forlillty* 




poor capsules are rejected, of which many were pro- 
duced by the illegitimately fertilised flowers, the propor- 
tion is 54 to 35, or as 100 to 65, In this and all other 
cases, the relative fertility of the two kinds of union 
can, I think, be judged of more truly by the average 
number of seeds per capsule than by the pTfjportion of 
flowers which yield capsules. The tw'o methods might 
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have btien combineil by giving the average uamber of 
seeds produced by all the flowera which were fertiliaed, 
whether they yielded capsule a <ir not ; but I have 
thou-^dit that it would be more iuatructive always to 
shofl” separately the proportion of flowers which pro- 
duced capsules, and the average number of apparently 
good seeds which the capsules contained. 

Flowers legitimately fertilised set seeds under con- 
ditions which cause the almost complete failure of 
illegitimately fertilised flowers* Thus in the spring of 
18G2 forty flowers were fertilised at the same time in 
both ways* The plants were accidentally exposed in 
the greenhouse to too hot a sun, and a large number 
of umbels perished. Some, however, remained in mo- 
derately good healthj and on these there were twelve 
flowers which had been fertilised legitimately, and 
eleven which had been fertilised illegitimately* The 
twelve legitimate unions yielded seven fine capsules, 
containing on an average each 5 7 ’3 good seeds j whilst 
the eleven illegitimate unions yielded only two cap- 
sules, of which one contained 39 seeds, but so poor, 
that I do not suppose one w ould have germinated, and 
the other contained 17 fairly good seeds. 

From the facts now given the superiority of a legi- 
timate over uu illegitimate union admits of not the 
least doubt ; and we have here a ease to which uo 
l>arallel exiatsS in the vegetable or, Indeed, in the 
animal kingdom* The individual plants of the pre- 
sent species, and as we shall see of several other 
species ot Primula, are divided into two set^s or 
bodies, which cannot be called distinct sesxes, for 
both are hiiimaphroditcs ■ yet they arc to a certain 
extent sexually distinct, for they require reciprocal 
union for pjcrfect fertility. As quadrupeds are di- 
vided into two nearly equal bodies of dilfereiit sexes, 
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SO here we hare two bodies, approximately equal in 
number, differing in their sexual posversand related to 
each other like males and females* There are many 
hermaphrodite animals whieh cannot fertilise them- 
selves, but must unite with another hermaphrodite. 
So it is with numerous plants ; for the pollen is often 
mature and slied, or is mechanically protruded, before 
the flower^a own stigma is ready ; and such flowers ab- 
solutely require the presence of another hermaphro- 
dite for sexual iiniou* But with the cowslip and various 
other species of Primula there is this wide <iifference, 
that one individual, though it can fertilise itself im- 
perfectly, must unite with another in<lividiial for full 
fertility ; it cannot, however, unite with any other in- 
dividual in the same manner as an hermaphrodite 
plant can unite with any other one of the same species ; 
or as one snail or earth -w'orm can unite with any other 
hermaphrodite individual. On the contrary, an indi- 
vidual belonging to one form of the cowslip in order 
to be perfectly fertile must unite with one of the other 
form, just as a male quadruped must and can unite 
only with the female* 

1 have spoken of the legitimate unions as being 
fully fertile ; and I am fully justified in doing so, for 
flowers artificially fertilised in this manner yiehlcd 
rather more seeds than plants naturally fertilisetl in 
a state of nature. The excess may be attributed to 
the plants having been grown separately in good soil. 
With respect to the illegitimate union, we shall best 
appreciate their degree of lessened fertility hy the 
following facts. Gartner estimated the sterility of the 
unions between distinct species,* in a manner which 
allows of a strict comparison with the results of the 
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legitimate aiul illegitimate imioiia of Priirmla. With 
P, veris, for every 100 seeds yielded by the two le* 
gitimate miionfl, only 64 were yielded by an equal 
number of good eapsules from the two illegitimate 
unions. With P, Simn»ts, as we shall hereafter see, 
the projTOTtion was nearly the same — namely, as 100 
to 62. Now Gartner has shown that, on the ealcnla- 
tioii of Verhasetim hjchnitis yielding with its own pollen 
100 seeds, it yielded when fertilised by the piollen of 
V. Phosniceum 00 seeds ^ by the pollen of K m^ntm, 
G3 seeds; by that of V. blutiaria^ 62 seeds. So again, 
Biffidhus harhatus fertilised by the pollen of J). mperbus 
yielded 81 seeds, and by the pollen of IJ. Japomeus 
66 seeds, relatively to the 100 seeds produced by its 
own jK>llen. We thus see — and the fact is highly re- 




i’he benefit which heterosty led dimorphic plants de- 
rive Irom the existence of the two forms is snfticiently 
obvious, namely, the intercrossing of distinct, plants 
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this whole anbjeot I shall recur. No doubt pollen ivii] 
occasionally be placed by insects or fall on the stigma 
of the same flower ; and if cross-fertilisation fails, such 
self-lertilisation will l>c advantageous to the plant, as 
it will til us be saved from complete barrenness. But 
the advantiige is not so great as might at first be 
thought, for the seedlings from illegitimate unions do 
not genertdly consist of both forms, but all belong to 
the parent form ; they are, moreover, in some deg'ree 
weakly in constitution, as will be showm in a future 
chapter. If, however, a flowers own pollen should first 
be placed by insects or fall on the stigma, it by no 
means follows tliat cross-fertilisation will be thus pre- 
vented, It is well know'll that if pollen from a distinct 
species be placed on the stigma of a plant, and some 
hours afterwards its owii i)ollen he placed on it, the 
latter will he prepotent and will quite obliterate any 
efiect from the foreign pollen ; and there can hardly 
be a doubt that with hetcrostyled dimorphic plants, 
ix>llen frtjm the other form will obligate the effects of 
jxillen from the same form, even when this has been 
placed on the stigma a considerable time before. To 
test this belief, I placed on several stigmas of a Itmg- 
styled cow'slip plenty of pollen from the same plant, 
and after tw^enty-four liours added some from a short- 

9f 

styled dark-red polyanthus, wdiich is a variety of the 
cowslip. From the flowers thus treated 30 seedlings 
were raised, and all these, without exception, bore 
reddisli flowers ; so that the effect of pollen from the 
same form, though placed on the stigmas twenty-four 
hours previously, wa ^3 quite destroyed by that of pollen 
from a plant belonging to the other form. 

Finally, I may remark that of the four kinds of 
unions, that of the short*styled illegitimately fertilised 
with its own-form pollen seems to be tlie most sterile of 
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all, m judged by the average number of aeeds, which 
the capsules contained. A smaller proportion, also, of 
these seeds than of the others germinated, atid tliey 
germinated more slowly. The sterility of this union is 
the more remarkable, as it has already been shown 
that the short-styled plants yield a larger uumber of 
seeds than the long-styled, when both forms are fer- 
tilised, either iiaturaUy or artificially, in a legitimate 
manner. 

In the future chapter, when I treat of the offspring 
from heterostyled dimorphic and trimorphic plants 
illegitimately feidilised with their own-form pollen, X 
shall have occasion to show that with the present 
species and several others, equal-styled varieties some- 
times appear. 

Primula elatior, Jacq. 

Jiardjidd O'S^Hp of En^Uak Authors. 

This plant, as well as the last or Cow^sHp (P, verify 
\e\officinulk)j&nd the Primrose {i\ v'id^arisyyel acmtUs) 
have been cotisidered by some botanists as varieties of 
the same species. Hut they are all three undoubtedly 
distinct, as will be shown in the next chapter. The 
present species resembles to a certain extent in general 
appearance the common oxlip, which is a hybrid be- 
tween the cowslip and primrose. Primula elattor is 
found in England only in tw^o or three of the eastern 
counties ; and I was supplied with living jdants by Mr, 
poubleday, who, as I believe, first called attention to 
its existence in England. It is common in some parts 
of the (.uutiiient ; and H. Muller * has seen several 
kinds oJ humble-bees and otlicr bees, and Bombylius, 
visiting the flowers in North Germany, 
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Tlie results of mj trials on the relative fertility of 
the two forms, when legitimately and illegitimately 
fertilised, are given in the following table : — 



Table 8. 

Frimfdu 



Nature of Unton. 


Number 

uf 

Flotvetft 

fertilised. 


N umber 
of sjx»ii 
OAjisules 
pTiMlut-ed. 


Ma:iimum 
of JieedB 
in any one 
Ca]»sale, 


Miutitnim 
of SeeilK 
in any one 
CapBule. 


Averase 
NumthPT of 
See(]s per 
C,tpeule. 


Lull ^*sty led form, by j 
polkn of short-styled. ^ 
Legitimate union , ) 


10 


G 


62 


34 


46^5 


Long-styled form, byj 
own-foriii pollen. 11- i 
legitimate union . * ) 


20 


4 


40* 


2 


27*7 


Short-Btyled form, by|i 
pollen of long-styled. » 
Legitimate union « i 


10 


8 


61 


37 


47*7 


Short.styled form, by | 
own-form pollen. 11- ; 
legitimate union , ,) 


17 


3 


19 


9 


12*1 


The two legiiimatel 
unions together ^ . / 


20 


14 


62 


37 


47 1 


The two illegitimate^ 
unions together . , / 


31 


7 


4D* 


2 


35 '5 



“ TLese seeds were ay l>uor ami sinaU tliat they could li^rdly have gemlnateil. 



If we compare the fertility of the two legitimate 
unions taken together with that of the two illegitimate 
unions together, as judged by the proportional number 
of flowers ’which when fertilised in the two methods 
yielded cajisiiles, the ratio is as 100 to 27 ; so that hy 
this standard the present species is much more sterile 
than P* veris, when both species are illegitimately fer- 
tilised. If we judge of the relative fertility of the two 
kinds of unions by the average niimber of seeds ])cr 
capsule, the ^ratio is as 100 to 75, But this latter 

r> 
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number h probably mueb too high, as many of the seeds 
produeed by the illegitimately fertilised long-styled 
flowers were so small that they probably would not 
have germinated* and ought not to have been counted. 
Several long-styled and short-styled plants were pro- 
tected from the access of insects, and must have been 
spontaneously self-fertilised. They yielded altogether 
only six capsnles, containing any seeds ; and their 
average number was only 7' 8 per capsule. Some, 
moreover, of these seeds were so small that thev could 
hardly have germinated, 

Herr W. Breitenbach informs me that he examined, 
in two sites near the Lippe (a tributary of the Ilhine), 
81)4 flowers produced by 1 98 plants of this species ; and 
he found 467 of these flowers to be long-styled, 411 
short-styled, and 16 equal -styled, I have beard of no 
other instance with heterostyled plants of equal-styled 
flowers appearing in a state of nature, though far from 
rare w itli plants which have been long cultivated. It 
is still more remarkable that in eighteen cases the 
same plant produced both long-styled and short-styled, 
or long-styled and equal -styled floAvers ; and in two 
out of the eighteen cases, long-styled, short-styled, and 
equal-styled flowers. Tho long-styled flowers greatly 
preponderated on these eighteen plants,— 61 consisting 
of this form, 15 of equal-styled, and 9 of the sbort- 
stvled form, 

V 

1‘rjmula vulgaris (vnr. aeaulk, Linn.), 

The rrimrose of EngIM Writers. 

^ Mr. J. Scott examined 100 plants growing near 
Edinburgh, and fouml 44 to bo long-styled, and SO 
short-styled ; and I took by ohanco 79 plants in Kent, 
of which 39 were loiig-styled and 40 short-stykd ; so 
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that the two lots together consisted of 83 long-styled 
and 9l> short-styled plants* In the long-styled form 
the pistil is to that of the short-styled in length, from 
an average of five measurements, as 100 to 51* The 
stigma in the long- styled form is conspicuously more 
globose and much more papillose than in the shorts 
styled^ in which latter it is depressed on the summit ; 



F\g, s* 




Outlines of pollen-gTfiEi^s of PWmfii'u vidgarisf dist^nrled with wateXt much 
niaghifiEd and drawn under the camei-B iucida* The upper !tnd frUialltir 
grains from the loDg^atykd form ^ the lower and larger giaJnii from 
the short-styleJ. 

it is equally broad in the two forms* In both it stands 
nearly, but not exactly, on a level with the anthers of 
the opposite form ; for it was found, from an average 
of 15 measurements, that the distance between the 
middle of the stigma and the middle of the anthers 
in the short-styled form is to that in the long-styled 
as 100 to 93. The anthers do not differ in size in the 
two forms. The pollen-grains from the short-styled 
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flowers before they were soaked in water w'ere decidedly 
broader^ in proportion to tlieir length, than those from 
the long*styled ; after being soaked they were relatively 
to those from the long-styled as 100 to 71 in diameter, 
and more transparent. A large immher of flowers from 
the two forms were compared, and 12 of the finest 
flowers from each lot were measured, but there w'as no 
sensible diflfereiiee between them in si?!e. Kine long- 
styled and eight short-styled plants growing together in 
a state of nature were marked, and their capsules col- 
lected after they had been naturally fertilised ; and 
the seeds from the short -styled w^eighed exactly tivice 
as much as those from an equal numljer of long-styled 
plants. 8o that the primrose resembles the cownslip in 
the short-styled plants being the more productive of 
the two forms. The results of my trials on the fer- 
tility of the two forms, when legitimately and illegi- 
timately fertilised, are given in Table 

We may infer from this table that the fertility of the 
two legitimate unions taken together is to that of the 
two illegitimate unions together, as judged by the pro- 
portional number of flowers which wdien fertilised in 
the tw o methods yielded capsules, as 100 to 00. If we 
judge by the average number of seeds per capsule pro- 
duced by the two kinds of unions, the ratio is as 100 
to 54 ; but this lattet figure is perhaps rather too low’. 
It is surprising how rarely insects cun he seen during the 
day visiting the flowers, but J have occasionally observ^ed 
small kinds of bees at work; 1 suppose, thciefore, that 
they are commonly fertilised by nocturnal Lepidoptera. 
Ibe long*styled plants when protected from insects 
jield a considerable number of capsules, and they thus 
differ remarkably from the same form of the cowslip, 
which is quite sterile under the same circumstances. 
Twenty -three spontaneously self-fertilised capsules from 
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Table d . 

PritmtJa vulgaris . 



Nature ef Dniyli. 


Nuuilier 1 

Flowi rs 
fertilised. 


Nurnbi.’ir 
of g<iu4 
CflpMllen : 
prH.HiUL:ed. 


Nuinlw-r 
of 111 

any one 
CaiWule. 


Minimum 
N uiml^r 
uf ShOrlii ] n 
any one 
Capsule. 


ATeragif! 

Number of 
Seed* J^e^ 
Capsule. 


Long-sty led form, hy pol- 1 
leii from short-siylei. [ 
Legitimate uaion , . ) 1 


12 


11 


77 


47 


66-9 


LoDg-styled furm, byl 
own-forin pollen. 
legitimate union i. 


21 


14 




30 


52-2 


Short ’Styled form, by I 
pollen from long-sty lod. > 
Legitimate union . . j 


8 


7 


75 


43 


650 


Shoid-styled form, byj 
own-form pollen. 11- y 
legitimate union . , J 


13 


7 


43 


5 


IS'S* 


The two legitimate) 
nniouB together , J 


20 


18 


77 


47 


66-0 


The two illegitimateli 
uni&D^ together . ^ / 


39 


21 


66 


5 


35'5* 



*' This averjiEt! 4i*rliapa rather tw loWi 



this fonn containedj t>n an averago, 19^2 seeds. The 
short-styled plants produced fewer spontaneously self- 
fertilised capsules, and fourteen of them contained only 
6 '2 seeds per capsule. The self-fertilisation of both forms 
was probably aided by Thrips, which al>ounded ivithin 
the flowers ; but these minute insects could not haye 
placed nearly sufficierit pollen on the stigmas, as the 
spontaneously self-fertilised capsules contained much 
fewer seeds, on an average, than those (as may be seen 
in Table 9) Avliich were artificially fertilised with their 
own-form pollen. But this difiereiice may perhaps be 
attributed in part to the flowers in the table having 
been fertilised with pollen from a distinct plant be- 
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longing to tlie same form ; wliilst those which were 
spontaneously self-fertilised no doubt genemlly received 
their own pollen* In a future part of this volume some 
observations will be given on the fertility of a red- 
coloured variety of the primrose. 



Primula Sixensib* 

In the long-styled form the pistil is about twice as 
long as that of the short-styled, and the stamens dififer 
in a cori’esponding, hnt re versed, manner. The stigma 
is considerably more elongated and rougher than that 
of the short-styled, which is smooth and almost 
spherical, being somewhat depressed on the summit ; 
but the stigma varies much in all its characters, the 
result, probably, of cultivation. The pollen-grains of 
the short-styled form, according to Hildebrand,* are 
7 divisions of the micrometer in length and 5 in 
breadth i whereas those of the long-styled are only 
4 in length and 3 in breadth. The grains, there- 
fore, of the abort-styled arc to those of the long- 
styled in length as 100 to 57, Hildebrand also re- 
marked, fus I had done in the ease of P, verh, that the 
smaller grains from the long styled are mneh more 
transparent than the larger ones from the short-styled 
ibrnu We shall hereafter see that this cultivated 
plant varies much in its dimorphic condition and is 
often equal-styled. Some individnals may be said to 
be snb-heterostyled ; tluis in tw’o vsliite-flow^ered 2 )lants 
the pistil projected above the stamens, but in on cot them 



* Aftflf the of tny 

pEi]wr thid author published jsome 
fiiicelleiit flb&ervatiorjs on the 
pretsent apwiess Zdtnng; 

Jan. 1, BJid be that 



T erred grofttly ftbmt the iaze of 
the pdljetL-^raiDe in the two 
fertua. I qud|>o^ that by midtaks 
I measured twice over polleu- 
grainQ frum tbc same Ibrui, 
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it was longer and had a more elongated and rougher 
stigma, than in the other ; and the pollen-grains from 
the latter were to those from the plant with a more 
elongated pistil only as 100 to 88 in diameter, instead 
of as 100 to 57, The corolla of the long-styled and 
short-styled form dillers in shajve, in the same manner 
as in P, The long-sty led plants tend to flower 

before the short-styled. When both forms were legiti- 
mately fertilised, the capsules from the short-styled 
plants contained, on an average, more seeds than those 
from the long-styled, in the ratio of 12*2 to 9*8 by 
weight, that is, as 100 to 78, In the following table 
we have the results of tw^o sets of experiments tried 
at different periods^ 

Table 10. 

Primula Sinensis* 



Nature tif Union. 


Nmuber ^ 
of 

FloTvenrs j 
ferttlisetl. \ 


Ifombei* 
of good 
Capsules 
produced. 


Avorage 
Weight of 
Seeda per 
Csptiuk. 


Average nnibcr 
of StTd* p«r 
C'la|isule, o« 
oscortabn-ed on a 
buhseC|uent 
oocasLon. 


Lodg-stvl&J form, by polkn I 
of short-styled. Legiti^> 
n;iat« union , . . , j 


24 


16 


0'5S 


50 


Long-styled foriUi by owu-| 
form polkn. Ilkgiti-> 
mate union , « * d 


20 


13 


0-45 


35 


Short-styled furilll) by pol-l 
ku of long-styled. Lc-? 
gltiinate union . * - J 


3 

1 




0^76 


64 


Short-stylod form, by owrn-j 
form jwlkn, Ilkgiti-^ 
miite union . . * .1 


7 


4 


0-23 


25 


The two kigitiinate unions | 
together < . . . - 1 


32 


24 


0‘fi4 


57 


ThetwoillegitimateunioiiBl 
together * . . . ■ J 


■ 27 


17 


0^40 


30 
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The fertility, theiefoTe, of the two legitimate unions 
together to that of the two illegitimate unions, as judged 
by the proportional number of flowers which yielded 
capsules, is as 1(X) to 84. Judging by the average 
weight of seeds per eapsulo produced by the two kinds 
of unions, the ratio is as 100 to (13, On another occa- 
sion a large number of flowers of both forms were 
fertilised in the same manner, but no account of their 
number was kept. The seeds, however, were carefullj-^ 
counted, and the averages are shown in the right-hand 
column. The ratio for the number of seeds produced 
by the two legitimate compared with the tw^o illegiti- 
mate unions is here 100 to 53, which is probably more 
accurate than the foregoing one of 100 to 63. 

Hildebrand in the paper above referred to gives the 
results of his experiments on the present species ; and 
these are shown in a condensed form in the following 
table (11). Besides using for the illegitimate unions 
pollen from a distinct plant of the same form, as was 
ahvays done by me, he tried, in addition, the eftects of 
the plant’s own pollen. He counted the seeds. 

It is remarkable that here all the flowers which 
were fertilised legitimately, as well as those fertilised 
illegitimately with pollen from a distinct jdant be- 
longing to the same form, yielded capsules ; and from 
this tact it might be interred that the two forms were 
reciprocally much more fertile in his ease than in 
mine. Hut his illegitimately fertilised capsules from 
both forms contained fewer seeds relatively to the 
legitimately fertilised capsules than in my experi- 
ments ; for the ratio in his case is “as 42 to 100, 
instead of, as in mine, as 53 to 100. Fertility is a 
very variable element with most plants, being ^deter- 
mined by the conditions to which they are subjected, of 
which fact I have observed striking ihstanbes with the 
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Table 11. 

PrhnnJa Sinenai^ (from IllMahrmid)^ 



Xatiire of Union* 


Xoniber 

of 

Fiowprs 

fertilised. 


Niinxljer 
of giMXl 
CupBolefl 

pn.Miuce'd. 


Avemge 
X mtoIht of 
^pel1a per 
Odpsute, 


LonI^-5tyle^3 frirm^ by pnllcu of sshort-l 
styitd. Legitimate union » . * *f 


14 


14 


41 


Lon ^-styled form, byown-forin pollen, frotnl 
a liialinot piaot^ union ,/ 


2(5 


2e 


18 


Long-styled fonoi, by pollen from Bam«> 
flo^\er. Illegitimate: uni on f , ,J 


27 


21 


17 


Short-stylerJ form by pollen of iong-'l 
styled, Logitim^'ite union . . 


14 


14 


44 


Short-styled form^ by own-form pollen^ 
from a di&tiiict plant. H legitimate uiijon/ 


Id 


16 


20 


Short '?tty lent by pollen from the tarn el 
flower. Ill egitim Lite union . ^ . *1 


21 


11 


B 


The two legitimate unions together * * 


2B 


28 


43 


The two illegitimate unions togetherl 
(ow’n-form pollen) . 


42 


42 


18 


The two illegitimate nuionji together (pol-1 
len from tbe aame flower) * . * ,/ 


4S 


32 


13 



present species ; and this may acconrit for the tliffer- 
ence between my results and those of Hildebrand* His 
jilants were kept in a room, and perhaps were grown in 
too small pots or under some other uii favourable condi- 
tio ns, for his capsules in almost every case contained a 
smaller number of seeds than niinej as may be seen 
by comparing tbe right-hand columns in Tables 10 
and 11. 

The most interesting point in HildebTand*s experi- 
ments is the difference in the effects of illegitimate 
fertilisation with a flower's own jjollcn, and with that 
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from a distinct plant of the same forra. In the latter 
case all the flowers piodneed capsules^ whilst only 67 
out of 100 of those fertilised with their own pollen pro- 
duced capsules* Tlie self-fertilised eapsules also con- 
tained seeds, ns compared with ca]>sulcs from flovrers 
fertilised with pollen from a distinct plant of the same 
form, in the ratio of 72 to 100* 

In order to ascertain how far the present species was 
spontaneously selt-fertile, five long-styled plants were 
protected by me from insects ; and they bore up to a 
given period 147 flowers which set 62 capsules ; but 
many of these soon fell off, showing that they had not 
been properly fertilised, At the same time five short- 
styled plants were similarly treated, and they bore 116 
flowers which ultimately produced only seven capsules. 
On another occasion 13 protected long-styled plants 
yielded by weight 25 ’ 9 grains of spontaneously sedf- 
fertilised seeds* At the same time seycii protected 
short-styled plants yielded only half*a-grain weight of 
seeds. Therefore the long-styled plants yielded nearly 
24 times as many spontaneously self-fertilised seeds as 
did the same number of short^styled plants. The chief 
cause of this great difference appears to be, that when 
the corolla of a long-styled plant falls off, the anthers, 
from being situated near the bottom of the tube, are 
necessarily dragged oyer the stigma and leaye pollen 
on it, as I saw when I hastened tlie fall of nearly 
withered flowers ; wliereas, in the sliort^styled flowers, 
the stamens are seated at the month of tho corolla, 
and in falling off do not brush over the lowly-seated 
stigmas. Hildebrand likewise protected some long- 
styled and sliort-styled plants, but xieitlier eyer yielded 
a single capsule* He thinks that the difference in our 
results may be accounted for by his plants Ixaviiig 
been kept in a room and neyer bavin been shaken j 

9 
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but this explanation seems to me doubtful ; bis plants 
were in a less fertile condition tlian niinej as shown by 
the difference in the number of seeds produced, and 
it is highly probable that their lessened fertility would 
have interfered with especial force with their capacity 
for producing self-fertilised seeds. 



Primula Auricula.* 

' This species is hetcrostylcd^ like the preceding ones ; but 
amongst the varieties distributed by florists the long-styled form 
is rare* as it is not valued. There is a much greater relative in* 
equality in the length of the pistil and stamens in the two forms 
of the auricula than in the eowslip ; the pistil in the long-styled 
Ixiing nearly four times as long as that in the short-styled, in 
which it is barely longer than the ovarium* The stigma is nearly 
of the same shape in both forms, but is rougher in the long-styled, 
though the differenoe is not so great as between the two forms 
of the cowslip* In the long-sty Jed plants the stamens are ver>‘‘ 
short, rising hut little above the ovarium* The i>oIlcn-grams of 
these short stamens, when distended with water, were barely 
of an inch in diameter, whereat those from the long stamens of 
the short-styled plants were barely showing a relative dif- 
ferencse of about 71 to 1(X)* The smaller grains of the long- 
styled plant arc also much more ti ansjmrent, and before disten- 
sion with water more triangular in outline than those of tho 
other form. Mr. Scottf compared ten plants of both forms grow* 
ing under similar conditions, and found that, although the long- 
styled plants produced more uniMs and more capsules than the 
short-styled, yet they yielded fewer seeds, in the ratio of tSG to 
100. Three short-styled plants w ere protected by me from the 



* According to Kemer, our 
garden auric are detscendtid 
from P. ptiheseem^ Jacq*, which is 
a hybrid between the tnie P. 
auricula an d hirmta* T hh by bri d 
has now been propagated for about 
300 years, and produces, when 
hgitimately fcrtilbsed, a largo 
number of seeds ; the long-styled 
foruiB yielding au average number 



of 73, and the ehort-styled OS 
seeds per capsule : see his Ges- 
chiclite der Aurilcd/' ‘Zoitschr, 
doB Deutsoben uud Oest. Alpen* 
Vereins/ Band vi* p. 52. Also 

* Die Piimulaceen - Bastarten,* 

* Oeet* Bot. Zeitsebrift,' 1S35, Nos* 
3, 4, otid 5. 

t Journ* Linn* Soc. Bot' voL 
viu. I8tH, p. m 
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accxisB of insects, and thoy did not produce a Ringlo seed. Mr, 
Scott protected six plantE of \x>ih forms, and found them ei- 
oessiyely atertle* The pistil of the long-styled form stands so 
high above the antherSp that it is scarcely possible that pollen 
ehould reach the stigma ivithont some aid; and ono of Mr. 
Scott’s loug-styled plants which yielded a few seeds (only 18 in 
number) wo£ infested by aphides, and ho docs not doubt that 
these had imperfectly fertilised it. 

I tried a few esperiments by reciprocally fertilising the two 
forms in the same nmnner as before, but my plants were un^ 
healthy, so I will give, in a condensed form, the results of 3Ir. 
Scott's esperiraents. For fuller particulars with respect to this 
and the five following species, the paper lately referred to may 
be consulted. In each case the fertility of the two legitimate 
unions, taken together, is compared w ith that of the two ille- 
gitimate unions tc^ether, by the same two standards as liefoTe, 
namely, by the proportional number of flowers which pro- 
duced good capsule^s, and by the average number of seefla per 
capsule. The fertility of the legitimate unions is always taken 
at lOO. 

By the first standard, the fertility of the two legitimate unions 
of the auricula is to that of the tw'o illegitimato unions as 100 
to 80 ; and by the second standard as 100 to 15. 

PniltULA SlEKIMBSSTS* 

According to Mr. Scott the pifitil of the long- styled form is 
fully four times as long as tViat of the short- styled, but their 
stigmas are nearly alike in shape and roughness. The stamenB 
do not differ so much in relative length as the pistils. The pollen- 
graiuB differ in a marked manner in the two forms ; ‘‘ those of 
the long-styled jdanta are eharply triquetrous, smaller, and more 
transparent than those of the short-styled, which are of a bluntly 
triangular form.” The fertility of the tw'o legitimate unions to 
that of the two illegitimate unions is by the first standard as 
100 to 95, and by the second standard as 100 to 31. 

TttlMULA COltTTTSOIDES. 

The pistil of the long-styled form is about thrice as long oa 
that of the short-styled, the stigma being double as long and 
covered with mnch longer papilla. TheiX)llen-grainsof the short- 
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styled form are, as usual, “ larger, less transparont, and more 
liluntly triangular than those from the long-styled plants/’ The 
fertility of the two legitimate unions to that of the two ille- 
gitimate unions is by the first standard as ICK) to 74, and by 
the second standard as 100 to CG* 

PeTJIULA ISTOLUCriATA. 

The pistil of the long-styled form is al;>out thrice long as 
that of the short-styled ; the stigma of the former is globtilar 
and closely beset wdth papillfe, whilst that of the short-styled 
is sinooth and depressed on the apex. The p<:)llen-grams of the 
two forms differ in size and transparency as l^efore, but not in 
shape. The fertility of the two legitimate to that of the tw’o 
illcgitiinate unions is by the first standard as 100 to Tl ; and by 
the second standard as 100 to 47* 

<« I 

Primula taiukosa. 

According to Mr. Scott, the pistil of the long-^etyled form is 
only about twice as long as that of the shorl-stylud. The 
stigmas of the two forms difier but little in shape. The pollen- 
grains differ in the usual manner in size, but uot in form. Tlie 
fertility of the two legitimate to that of the two illegitimate 
unions is by the first standard as lOO to 71, and by the second 
standard as 100 to 44. 

Summary on the foregoing hdero&iyhd djmeks of Pri- 
mula, — The fertility of the long and short-styled plants 
of the above species of Primula, when the two forms 
are fertilised legitimately, and illegitimately with 
pollen of the same form taken from a distinct plant, 
has now been given. The results are seen in the fol- 
lowing table; the fertility being judged by two 
standards, namely, by that of the proportional number 
of flowers which yielded capsules, and by that of the 
average number of seeds per capsule. But for full 
accuracy many more observations, under varied condi- 
tions, would he requisite. 
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Table 13* 



jSwmrjMiry FertiUt!/ of the two Uniomf com-par^ 

vnth that of tfa two IlJepiiimale Uniom^ in the ginm Primula. 
The former taken at 100, 







Illegitimate Unions. 


Namt of Species. 




Judged of bv the 
Proportional Number 


Judged of by the 
AFCrage Sumlwr for 






of Flower* U bicll 


Weight In some 






produced CajMules. 


of Seedn per C'!apaule< 


Primula Teria ■ , , . 




e& 


G3 


P, dati&r. , , , , i 




27 


.^^/(l^rcibRblj 

high.) 


P, vulgarift , . , . . 




GO 


_,j( Perhaps 
\ tcc bw.) 


?. SiU(^UAl9 , . k , t 




84 


63 


„ (aecand trial) » , 




? 


53 


„ (after Hildctrand) 




10 


42 


P. auricmlA (Scf tt) , 




80 


15 


P, SikkimensU (Scatt) . ^ 




05 


31 


P. cortiisnjidtia (Scott) * 




74 


ee 


P. inFoluurnta (Scott) . 




72 


48 


1'. fafiuonA (Sctvtt) . , * 




71 


44 


Arerago of the nine apscice 




88-4 


61‘3 



W itti plants of all kinds some fiowera generally fail 
to produce capsules, from various accidental causes ; 
but this source of error has been eliminated, as far as 
possible, in all the previous eases, by the manner in 
which the calculations have been made. Supposing, 
for instance, that 20 fiowers were fertOised legiti- 
mately and yielded 18 capsules, and that 30 flowers 
were fertilised illegitimately and yielded 15 cap- 
sules, we may assume that on. an average an equal 
proportion of the flow ers in both lots w^uld fall to 
produce capsules from various accidental causes i and 
the ratio of Jg to Jg, or as 100 to 56 (in whole 
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numbers), would show tho proportitmal number of cap- 
sules due to the two methods of fertilisation ; and the 
number 5G would appear in the left-hand column of 
Table 12, and iu my other tables. With respect 
to the arenige number of seeds per capsule hardly 
anything need be said; supposing that the legiti-^ 
inately fertilised capsules contained, on an average, 
50 seeds, and the illegitimately fertilised capsules 
2o seeds ; then as 50 is to 25 so is 100 to 50 ; and 
the latter number would appear in the right-hand 
column. 

It is impossible to look at thealxjve table and doubt 
that the legitimate unions between the two forms of tho 
above nine species of Primula are much more fertile 
than the illegitimate unions ; although in the latter 
case pollen was always taken from a distinct plant of 
the same form. There is, however, no close corre- 
spondence in the two rows of figures, which give, 
according to the two standards, the difference of fer- 
tility between the legitimate and illegitimate unions. 
Thus all the flowers of P, Sinensis which were illegiti- 
mately fertilise<l by Hildebrand produced capsules ; 
but these contained only 42 per cent, of the number 
of seeds yielded by the legitimately fertilised capsules. 
So again, 05 per cent, of the illegitimately fertilised 
flowers of P. SiJd‘immm produced capsules ; but these 
contained only 31 per cent, of the number of seeds in 
the legitimate capsules. On the other hand, with 
P, elatior only 27 per cent, of the illegitimately fer- 
tilised flow'ers yielded capsules ; but these contained 
nearly 75 per cent, of the legitimate number of seeds* 
It appears that the setting of the flowers, that is, the 
production of capsules whether good or bad, is not 
so much influenced by legitimate and illegitimate fer- 
tilisation as is the number of seeds w hich the capsules 
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contain. For, as may be seen at the bottom of 
Table 12, 88-4 per cent, of the illegitimately fertilised 
flowers yielded capsules; but these contained only 
GF8 per cent, of seeds, in comparison, in each ease, 
with the legitimately fertilised llowers and capsules 
of the same species. 

There is another point which deserves notice, 
n^unely, the relative degree of infertility in the several 
species of tiio lung-styled and short-styled flowers, 
when both are il legitimately fertilised. The data 
may be found in the earlier tables, and in those given 
by Mr. 8eott in the Paper already referred to. If we 
call the number of seeds per capsule produced by the 
illegitimately fertilised long-styled flowers 100, the 
seeds from the illegitimately fertilised short-styled 
flowers will he represented by the following num- 
bers ; — 



Primula TeriS. 71 



P. (^lutior . 

P. Tulgaris 
P. 



^KProbaMy 
\tfHJ low.) 

f t^erJiEips 
( too low.) 
7i 



Primalu auricula , 
P. Sitkiiiicuhis 
P. cortuEoulcB . 
P, iuvttlucrata 
P. farinciaa 



. 119 
. 57 
. 93 
. 74 
, 63 



We thus see that, with the exception of P. auricula^ the 
long-styled flow^ers of all nine species are more fertile 
than the short-styled flowers, when both forma are 
illegitimately fertilised. Whether P. auricula really 
<litTers from the other species in this respect I can form 
no opinion, as the result may have been tiecidentah 
The degree of self-fertility of a plant depends on two 
elements, namely, on the stigma receiving its oavu pollen 
and on its more or less efficient action when placed 
there. Now as the anthers of the short-styled flowers of 
several species of Primula stand din.i'ctly above the 
stigma, their pollen is more likely to fall on it, or to 
bo Carried down to it by insects, than in the case oi 
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the long-styled form. It appears probable, therefore 
at first sightj that the lessened capacity of the short- 
styled flowers to be fertilised with their own pollcDj is 
a special adaptation for count erac ting their greater 
liability to rcceiye their own pollen, and thus for 
checking self-fertilisation. But from hicts with respect 
to other species licre after to be given, this view can 
hardly be adniittc<h In accordance with the ahove 
liability, when some of the species of Primula were 
allowed to fertilise themselves spontaneonaly under 
a net, all insects being excluded, except such minute 
ones as Thrips, the short-styled flowers, notwith- 
standing their greater innate self-sterility, yielded 
more seed than did the long-styled. None of the 
species, however, ^vhen insects were excluded, made 
a near approach to full fertility. But the long-styled 
form of P. Sinensis gave, under these circumstances, 
a considerable nimiber of seeds, as the corolla in falling 
off drags the anthers, which are seated low down iu 
the tube, over the stigma, and thus leaves plenty of 
pollen on it 

Ilomosf^hd specieB of Priniula. — It has now been 
shown that nine of the species in this genus exist under 
two forms, which differ not only in structure but in 
function. Besides these Mr. Scott enumerates 27 other 
species* which are heterostyled ; an<l to these probably 
others will he hereafter added. Nevertheless, some 
species are homostyled ; that is, they exist only under 
a single form ; but much caution is necessary on this 
head, as several species when cultivated are apt to 
Ijccorne equal-styled. Mr. Scott believes that 
Sc<)ticafVerticillata, a variety of Sihiricaj elata, 'moUisj and 

* H. Miillerhaa guven m ^Na- viz tho Alpine P. wkI 

ture; Dcic, 10, 187-i, p. 110, a sUow& that it m fertilistid exclu- 
di'ftwing of ODO of th^asj spocios. aivoly by Ltpidoptera. 
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hngiflova,'* are truly homostyle^l ; and to these may be 




lidded, according to Axell, P. strkta. Mr* Scott ex- 
perimented on P, Seotica^ mollis^ and verticilhta^ and 
found that their fiowera yielded an abundance ot seeda 
when fertilised with their own pollern This shows 
that they arc not heterostyled in function. P. SeMim 
is, however, only moderately fertile when insects are 
excluded, but this depends merely on the coherent 
pollen not readily falling on the stigma without their 
aid. ^Ir. Scott also found that the capsules of P. 
verticillaia contained rather more seed when the floivers 
were fertilised with pollen from a distinct plant than 
when w ith their o^vn pollen ; and from this fact he in- 
fers that they are sub-lieterostyled in fiinctioiij though 
not in structure. But there is no evidejico that two 
sets of individuals exist, which differ slightly in func- 
tion and are adapted for reciprocal fertilisation; and 
this is the essence of heterostylism. The mere fact 
of a plant being more fertile with pollen from a 
distinct individual than with its ow-n pollen, is com* 
mon to very many species, as I have shown in my 
w ork * On the Effects of Cross and Belf-fertilisatioiu’ 



IIOTTONIA PALUSTEIS. 



This aquatic member of the Primiilaceje is con- 
spicuously heterostyled, as the pistil of the long-styled 
form projects far out of the ftower, the stamens being 
enclosed within the tube ; wdiilst the stamens of the 
short-styled dower project far forwards, the pistil being 
cnclose<L This difference between the two forms has 
attracted the attention of various botanists, and that 



* Kocii was ftwurn tLat this 
Bpofieu wa', hciinnatylcd ; see ‘*Tn:^- 
Virmiius iib«r Dkliogamie uadi 



unU Darwin,'* ^ Bot ZeE- 
tnng,* Jan, 2, ISSJiJ, p. 4. 
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of Sprengelj* in 1793, wLo, viitii liis usual sagacity, 
adds that he does not believe the existence of the two 
forms to be accidental, though he eaniiat explain their 
pnrfKise, The pistil of the long-styled ibrm is more 
than tw ice aa long as that of the short*styled, with the 
stigma rather smaller, though rougher* II. Miillert 
gives iigurcs of the stigmatic papillae of the two forms, 
and those of the long-styled arc seen to be more than 
double the length, and much thicker than the papillae 
of the short-styled form. The anthers in the one form 
do not stand exactly on a level with the stigma in 
the other form ; for the distance between the organs ia 
greater in the short-styled than in the long-styled 
flowers in the proportion of 100 to 71 . In dried speci- 
mens soaked in water the anthers of the short-styled 
form are larger tliau those of the long-styled, in the 
ratio of 100 to 83, The pollen-grains, also, from the 
short-styled flowers are eonspicuously larger than those 
from the long-styled ; the ratio between the diameters 
of the moistened grains being as 100 to 64, according 
to my measurements, but according to the measure- 
ments of H. Muller as 100 to 61 ; and his are prohahly 
the more accurate of the two. The contents of the 
larger pollen-grains appear more coarsely granular 
and of a browner tint, than those in the smaller 
grains. The two forms of Hottonia thus agree closely 
in most respects with those of the hoterostyled species 
of Primula. The flowers of Hottonia arc cross-fertilised, 
according to Muller, chiefly by Diptera, 

iVlr* ScottJ made a few trials on a short-styled plant, 
and found that the legitimate unions were in all ways 
more fertile than the illegitimate ; but since the pub* 

* ‘Das entdcckfe t T inn. Sm. Bet,' vol. 

iler Krttur/ p. 103. viii- ISOi, p. 79* 

t 'Db Lk;frudituogi,’'&c^,p.35f>. 
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licntion of liis paper II. llflner hns mftde much fuller 
experiments, and I giYC his results in the following 
table, drawn up in accordance with my uauid plan 



Table 13- 

Uott<mia pidmtTiii {/vinn J?. MuUrr). 



Katura of Union. 


Number 
uf CkpSUlFft 
esamim'd. 


ATFrage 

N umbfr of 
Smte per 
Capsule. 


Long-styled foitOj by pollen of sbort-ijtylcd.y 
Legitimate; nnion 




01-4 


Long-styled fomij by o’rt'n-fom pollen^ from a\ 
distinct plant, lUegitiinatc nnion . , ./ 


18 


77-5 


Short-styled form, by j-Kdlen of long-stylwJ4 
Legitimate nnioni ^ 1 


30 




Short-atvW form, ly own-form pollen, from al 
diiitink plant. Illegitimate union , » . 1 


10 


lS-7 


The two legitimate unions together 


64 


78-S 


The two illegiliKiate unions together . * . 


37 


48*1 



Tlie most rem art able point in ibis table is the 
small average number of seefls from the short-styled 
Hoovers when illegitimately fertilised, and the unusually 
large average number of seeds yielded by the illegiti- 
mately fertilised long-styled flowers^ relatively in both 
cases to the product of the legitimately fertilised 
flowers,* The two legitimate imions compared with 




I arrive At tlio icsiilts elicwtl in 
Tf^blo TLe avcriige mnnber 
iii ibe capfiMlee, when 

Itgitinmtely fartilieetl, is 
ftud when iijcgitiiutttely fertiliflcdi 
77 ‘ 5 j or liu luO to 85. H. Miiller 
ai;recfl w’ith me th&t this ia the 
proper inMiuier of viewiag; tho 
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the two illegitimate together yield seeds in the ratio 

oflOOtaGL 

H, Miiller also tried the effects of illegitimately fer- 
tilising the long-styled and short-styled flowers with 
their own pollerij instead of with that from another 
plant of the same form; and the results are very 
striking* For the cwipsules from the long-styled 

llowers thus treated contained, on an averagCj only 
15*7 seeds instead of 77 '5; and those from the 
short-styled d'5, instead of 18*7 seeds per capsule. 
The number 0'5 agrees closely with Mr. Scott’s result 
from the same form similarly fertilised. 

From some observations by Dr. Torrey, llottmia 
injiaia^ an inhabitant of the United States, does not 
appear to be heterostyled, but is remarkable from pro* 
ducing eleistogamio flowers, as will be seen in the last 
chapter of this volume. 

Besides the general Primula and Hottonia, Androsaee 
(vel Gregoria, vel Aretia) vitaUia^a is heterostyled, 
Mr. Scott* fertilised with their own pollen 21 flowers 
on three short-styled plants in the Edinburgh Botanic 
Gardens, and not one yielded a single seed; but 
eight of them which w^ere fertilised with pollen from one 
of the other plants of the same form, set two empty 
capsules. He was able to examine only dried speci- 
mens of the long-styled forms. But the evidence seems 
suflieient to leave hardly a doubt that Androsace is 
heterostyled. Fritz Bluller sent me from South Brazil 
dried flowers of a Statice which he believed to be hete- 
rostyled. In the one form the pistil was considerably 
longer and the stamens slightly shorter than the cor- 
responding organs in the other form. But as in the 
shorter-styled form the stigmas reached up to the anthers 



* Seci also I'peviraQu^ in * Botn Zeitung,* 1S03, p. C, on tbls plnat 
bLiing dlmorpbio. 
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of the same flower, and as T could not detect in the 
dried speciinena of the two forms any difference in their 
stigmas, or in the sisse of their ix»llon*grain3, I dare not 
rank this plant as heterostyled. From statements made 
hy Yaucher J was led to think that SoJdanella alpmt was 
heterostyled, but it is impossible that Kemer, who has 
closely studied this plant, could have oyerlooked the 
fact. So again frctm other statements it appeared pro- 
bable that Pyrola. might be Leteioatyled, hutH, Muller 
examined for me two species in North Germany, and 
found this not to be the case. 
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CHAPTER II. 



IlTBniD PmnuiAs. 

The Oxlip a liybritl natiiTfllly produced bi^tweea Priimila vene and 
— The differences in etruytiire and fnnctLori between the 
two pate iit-apccie»— Effects of creariing long-atyled anrl Bliott-atyled 
0x1 ips with one another and with the two form& of both parent* 
Biwoies — Chameter of the offspring from Oslips artificiftlly self- 
fertUist^d and cross- fertiliaed In a state of nntn re— Primula elatior 
shown to be ft distinct apeciea — Hybrids between other heterostylcd 
species of Primula — Supplementary note on spgntaneoualy produced 
hybrids in the gonus Yerbascum. 

The yjtrions species fjf Primula have produced in a 
state of nature throughout Europe an extraordinary 
number of hybrid forma. For iiiatance, Professor 
Ivenier has found no less than twenty-five such forms 
in the Alps * The frequent f>ceurience 
this genuH no doubt has been favoured by most of the 
species being heterostyled, and consequently requiring 
cross-fertilisation by insects; yet in some other genera, 
species which are not heterostyled and which in some 
respects appears not well adapted for hyhrid-ferti* 
lisation, have likewise been largely hybridised* In 
certain districts of England, the common oxlip— a 
hybrid between the cowslip (P* verts, vel offidmMs) 
and the primrose {P, vuh/aris^ vel acauUs) — is fre- 
quently found, and it occurs occasionally almost every- 



* “DiePrEmukceen- R istartcu,' ' ^ BulU Soc. Bot. de F roueft,^ tora . s* 

^Of BUjTT. Bot ZdtBL'hTift/ Jahr 1853, p, 178. ^ Al^HntReyufl des 
1S75, Nos. a, 4, and 5. Seo also Suieuces Nat p- 
Godrou on hybrid l*i'iiiiulas in 
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where. Owing to the frequency of tbii?! intennediate 
hybri<l form, and to the existence of the Bard field 
(jxlip (P. elatior), whieh resembles to a certain extent 
the common oxHp, the claim of the tliree forms to 
rank as distinct species has been discnssed oftener 
and at greater length than that of almost any other 
plant. Linn reus considered P. verin, vui^aris and 
elatior to be yarieties of the same species, as do some 
distinguished botanists at the present day ; whilst 
others who have carefully studied these plants do not 
doubt that they are distinct species. The following 
observations prove, I think, that the latter view is 
correct ; and they further show that the common oxlip 
is a hybrid between P. veris and vulgaris. 

The cowslip differs so conspicuously in general ap 
pearauce from the primrose, that nothing need here 
be said with respect hj their external characters.* 
Hut some less obvious differences deserve notiee. As 
lx>th species are heterostyled, their complete fertili- 
sation dejx^nds on insects. The cowslip is habitually 
visited during the day by the larger humble-bees 
(viz. Bomhm muscorum and hrjrtorufn\ and at night 
by moths, as 1 have seen in the case of Ou^ulUa. Tbo 
primrose is never visited (and I speak after many 
years* observation) by the larger humble-bees, and 
only rarely by the smaller kinds ; hence its ferti- 
lisation must depend almost exclusively on moths. 
There is nothing in the structure of the dowers of the 
two plants which can determine the visits of such 
widely different insects. But they emit a different 
mlour, and perhaps their nectar may have a different 
taste. Both the long-styled and short-styled forms of 

* Tl^e Rev, A, l.^ ightoTi Hoed, in * Ann. ani3 MnC- of ^ 

IlUt.‘ 2nd fiariei, vuL ii. 1^ 
m tbo forin of tL^ fttpaulca bni] p, jfii. 
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the primrose, when legitimately an<l naturally ferti- 
lisedj yield on an average many mare seeds per capsule 
than the cowslip, namely, in the proportion of 100 to 55 < 
When illegitimately fertilised they are likewise more 
fertile than the two forms of the cowslip, as shown by 
the larger proportion of their flowers which set cap- 
sules, and by the larger average number of seeds which 
the capsules contain. The difference also between the 
number of seeds produced by the long-styled and short- 
styled flowers of the primrose, when both are illegiti- 
mately fertilised, is greater than that between the 
number produced under similar circumstances by the 
two forms of the cowslip. The long- sty led flow ers of 
the primrose Avhen protected from the access of all in- 
sects, excejjt sneh minute ones as Thrips, yield a con- 
siderable number of capsules containing on an average 
19 ■ 2 seeds per capsule ; w'hereas 18 plants of the long- 
styled cowslip similarly treated did not yield a single 
seed. 

The primrose, as every one knows, flowers a little 
earlier in the spring than the cowslip, and inhabits 
slightly different stations and districts. The primrose 
generally grows on banks or in woods, wdiUst the cow- 
slip is found in more open places. The geographical 
range of the two forms is diflereut. Dr* Brom field re- 
marks* that the primrose is absent from all the in- 
terior region of northern Europe, where the cowslip is 
indigenous,” In Norway, however, both plants range 
to the same degree of north latitude.! 

The cowslip and primrose, when intercrossed, he- 



* * Phytologiat,' voL iii* p- 694* 
t II. LeOfM|, But. de 

FEuropc^!,* tom. viil. 1658+ up. 141, 
144* See Also " Aim. and Mag. oI 
Nat. Hisit*’ ix. IS42, pp. 156* 515. 
Alijo Bomm, ‘Floie uu centre da 



\iL Fr:naL'e,' 1840, torn. ii. p* B76. 

respect to the rarity of F. 
verit in western IScotliiiul, eoe 
H. O* WutHcn, *Cybele Britan- 
nicA*^ ii. p. 293. 
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Itave lilte distimit species, for they are far from 
Ixjins nmtUiillv fertile. Gartner* civissed 27 flowers 
of I\ vuhfariii with pollen of P. arid obtained 

19 capsules ; but these did no contain any good 
seed, lie also crossed 21 llowers of P. verm with 
pollen of P. vul(jfaris ; and now he got only five 
capsuleSj containing seed in a still less perfect 
condition, Gartner knew nothing about iietero- 
stylisni ; and his complete failure may perhaps be 
accounted for by his having crossed together the 
same forms of the cowslip and primrose ; for such 
crosses would have been of an illegitimate as well as 
of a hybrid nature, and this would have increiised 
their sterility. My trials were rather more fortunate. 
Twenty-one flowers, consisting of both forms of the 
cowslip and primrose, were intercrossed legitimately, 
and yielded seven capsules 33 per cent.), contain* 
ing on an average 42 seeds ; some of these seeds, 
however, were so poor that they probably would not have 
germinated. Twenty-one flowers on the same cowslip 
and primrose plants were also intercrossed illegiti- 
mately^, and they likewise yielded seven capsules (or 
33 per cent.), but these contained on an average only 
13 good and bad seeds* I should, however, state that 
some of the above flow^ers of the primrose were fertilised 
with |>ollen from the polyanthus, which is certainly a 
variety of the cowslip, as may bo inferred from the per- 
fect fertility' hiter se of the crossed offspring from these 
two plarLls.'f To show liow sterile these hybrid unions 



* Ua44U’d£3Tzougung,' 1840, p. 

7 ^ 1 ii 

t Mr. bfta disouiBi>i:l tho 

nature of the prjlyanllius Fn>o, 
Linn, 80c.’ viii. Hot. 18R4, p. 
10S>. and at a differi^nt 

oouoluAioti ; but I do not think 
that bis experiments were sufli- 



cioTitly nuinemus. The degree of 
infertility of a cross Is liable to 
much fluetufttioD. Pnlleo fruiu 
the cowslip at lirst ttp^^oara rether 
more efbuiant rmthp primrose than 
that of the polyanthus; for_l2 
flowers of both forms of the prini- 
rose, fertilis^ed legitimately and 
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were, I miiy remind the reatler tliiit 90 per cent, of the 
flowers of the primrose fertilised legilimately with 
primrose-pollen yielded capsules, euntEiiniiig'on an 
average 60 seeds ; and that 54 ]>er cent, of the flowers 
fertilised illegitimately yielded capsules containing on 
an average 3 'oo seeds per capsule. The primrose, 
especially the short-styled form, when fertilised by the 
cowslip, is less sterile, as Gartner likewise observed, 
than is the cosvslip when fertilised by the primrose. The 
above experiments also show that a cross lietwecn the 
same forms of the primrose and cowslip is much more 
sterile than that between different forms of these two 
species. 

The seeds from the several foregoing crosses were 
sown, but none germinate<l except those from the 
short-styled primrose fertilised with pollen of the 
]H)lyanthus ; and these seeds were the finest of the 
whole lot, I thus raised six plants, and compared 
them with a group of wild oxlips which I had trans- 
planted into my garden* One of these wild oxlips 
produced slightly larger flowers than the others, and 
this one was identical in every character (in foliage, 
fio^ver-pedmlcle, and flowers) with my six plants, 
excepting that the flowers of the latter were tinged of 
a <lingy red colour, from being descended from tho 
p<dyantlms. 

We thus see that the cowslip and primrose can- 
not be crossed either way except with oonsiderahle 
difficulty, that they differ conspicuously in external 
appearance, that they differ in various physiological 



iUegitimately 'tritli poUen of the 
wweHp gflvtj fiTc capaulea.coatain- 
ing- on an ftveraf^o 3'2"4 smlsj 
whilst IS flowers aimilurly fertil- 
ised hy polyanthus-pollen yielded 
only five eapaulfs, only 



23 -6 eeeda* On fho other hand, 
the eeeds proiluocd bj the poly- 
antliiis • pollen were much the 
flnoat of the whole lot, and were 
the only ones which germinated. 




characters, that they inhabit i^lightly rliflfereiit stations 
and range dilYcrently. Hence those IwtanistB who 
rank these plants ag varieties ought to be able to prove 
that they are not as well fixed in character as are most 
species ; and the evidence in favour of such instability 
of character appears at tirst sight very strong. It 
rests, first, on statements made by several competent 
observers that they have raised cowslips, primioses^ and 
0x1 ips from seeds of the same plant ; and, secondly, 
on the freqiient occurrence in the state of nature of 
plants presentingevery intermediate gradation between 
the cowslip and primrose. 

The first statement, however, is of little value; 
for, heterostylism not being formerly understood, 
the seed-bearing plants w^ere in no instance* pro- 
tected from the visits of insects and there would 
be almost as much risk of an isolated cowslip, or of 
several covvslips if consisting of the same form, being 
crossed by a neighbouring primrose and producing 
oxlips, as of one sex of a dioecious plant, under similar 
circumstances, being crossed by the opposite sex of 
an allied and neighbouring species. Mr. H. C. Wat- 
son, a critical and most careful observer, made many 
experiments by sowing tbe seeds of cowslips and of 
various kinds of oxlips, and arrived at the following 
conclusion,! namely, “ that seeds of the cowslip can 
produce cowslips and oxlips, and that seeds of an oxlip 
can produce covvslips, oxlips, and primroses/' This 
conclusion harmonises perfectly with the view that in 

* Oitf ay tliijr states in the tainec] an abimclanco of seed, 

tologtst (vol. ill. p. ^03) that ha which ia iiupoasible. 

coyerMwitkbcll-glassesHoineoryw- Hence tlicTe iwiat have been 
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all cases j wlien suck results have been obtained, the 
unprotected (xiwslips have been crossed by primroses, 
and the unprotected oxlips by either cowslips or 
primroses ; for in this latter case we might expect, by 
the aid of reversion, which notoriously comes into 
powerful action with hybrids, that the two pirent-forms 
in appearance pure, as well as many intermediate gra- 
dations, would he occasionally produced. Nevertheless 
the two following statements offer considerable diffi- 
culty. The Kev. Prof lien slow* raised from seeds of a 
cow slip growing in his garden, various kinds of oxlips 
and one perfect primrose ; hut a statement in the same 
paper perhaps throws light on this anomalons result. 
Prof, llenslow had previously transplanted into his 
garden a cowslip, which completely changed its ap- 
pearance during the following year, and now resembled 
an oxlip. Next year again it changed its character, 
and produced, in addition to the ordinary umbels, a 
few single-flowered scapes, hearing flowers somew'hat 
smaller and more deeply coloured than those of the 
common primrose. From what I have myself observed 
with oxlips, I cannot doubt that this plant was an ox- 
lip in a highly variable condition, almost like that of 
tlie hmious Cytisus adaml This presumed oxlip was 
propagated by offsets, which were planted in different 
parts of the garden; and if Prof Henslow took by 
mistake seeds from one of these plants, especially if it 
had been crossed by^a primrose, the result would be 
fjuitc intelligible. Another case is still more difficult 
to understaTid : Dr. Herbert t raised, from the seeds of 
a highly cultivated red cowslip, cowslips, oxlips of 
various kinds, and a primrose. This case, if accurately 



* Ijoudon^a ‘Mag. of Nat. Hist.' iii, 1S30, p. 400- 
t ‘TfaJis&ct. Hurt Soc.‘ iv* p. J9, 
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recorded, which I must doubt, is explicablo only on 
the improlmble assuraption that the red cowslip wag 
not of pure parentage. With species and varieties 
of many kinds, w'hen intercrossed, one is sometimes 
strongly prepotent over the other; and instances are 
knowni* of a variety, crossed by another, producing 
offspring which in certain characters, as in colour, 
hairiness, &c., have proved identical with the pollen* 
bearing parent, and quite dissimilar to the mother- 
plant ; but I do not know' of any instance of the off- 
spring of a cross perfectly resembling, in a consider- 
able number of important characters, the father alone. 
It is, therefore, very improbable that a pure cowslip 
crossed by a primrose should ever pn:>duce a primrose 
in appearance pure. Although the facts given by Dr. 
Herbert and Prof llenslow are difficult to explain, yet 
until it can be shown that a cowslip or a primrose, 
carefully protected from insects, will give birth to at 
least 0x1 ips, the cases hitherto recorded have little 
weight in leading us to admit that the cowslip and 
primrose are varieties of one and the same species. 

Negative evidence is of little value; but the follow* 
ing facts may be worth giving :--Some cowslips which 
had been transplanted from the fields into a shrubbery 
were again transplanted into highly manured land. 
In the following year they w^ere protected from insects, 
artificially fertilised, and the seed thus procured was 
sown in a hotbed. The young plants wore afterwards 
planted out, some in very rich soil, some in stiff poor 
clay, some in old peat, and some in pots in the green- 
house ; so that these plants, 705 in number, as well as 
their parents, were subjected to diversified and uii- 



* l We given iiigtuneeB m tny 
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]i8<tiir£il trPjitrnGiit , Ijiit in>t oug of ttioiii prosGritGcl tlio 
least vaiiations excej>t in size— tliose iu the peat at- 
taining almost gigantic dimensions, and those in the 
clay being much dwarfed. 

I do not, of course, doubt that cowslips exposed 
during several successive generations to changed con- 
ditions would vary, and that this might occ-asionally 
occur in a state of nature. Moreover, from the law 
of analogical variation, the varieties of any one species 
of Primula would probably in some cases resemble 
other species of the genus. For instance, 1 raised a red 
primrose from seed from a protected plant, and the 
liowers, though still resembling those of the primrose, 
were borne during one season in umbels on a long foot- 
stalk like that of a cowslip. 

With regard to the second class of facts in support 
of the cowslip and primrose being tanked ns mere 
varieties, namely, the well-ascertained existence in a 
state of nature of numeroua linking forms* If it can 
be shown that the common wild oxlip^ which is inter- 
mediate in character between the cowslip and prim- 
rose, resembles in sterility and other essential respects 
a hybrid plant, and if it can further be shown that the 
oxlip, though in a high degree sterile, can be fertilised 
by either parent* species, thus giving rise to still finer 
gradational links, then the j>resence of such linking 
forms in a state of nature ceases to be an argument 
of any weight in favour of the cowslip and primrose 
being varieties, and becomas, in fact, an argument on 
the other side* The hybrid origin of a plant in a 
state of nature can be recognised by four tests : first, 
by its occurrence only wliere bi>th presumed parent* 



* Bee an article on in tlie ^ riivtologiiit,' vol. iii. p, 

thiis Butjeot by Mr* H. C. Watson, 43, 
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species exist or have recently exiatecl ; and this holds 
good, as far as I can discover, with the oxlip ; but the 
P, elatior of Jaeq., which, aa we shall presently ace, 
constitutes a distinct species, must not he confounded 
with the common ox] ip- Secondly, by the supposed 
hybrid plant being nearly intermediate in character 
between the two parent-species, and especially by its 
resembling hybrids artificially made between the same 
two species. the oxlip is intermediate in cha- 

mcter, and resembles in eyery respect, except in the 
colour of the corolla, hybricla artificially produced be- 
tween the primrose and the polyanthus, which latter 
is a variety of the cow^slip. Thirdly, by the supposed 
hybrids being more or less sterile when crossed irUer se i 
but to try this fairly, two distinct pdants of the same 
parentage, and not two flowers on the same plant, 
should be crossed ; for many pure species are more 
or less sterile with pollen from the same individual 
plant [ and in the case of hybrids from heterostyled 
species the opposite forms should be crossed* Fourthly 
and lastly, by the supposed hybrids being much more 
fertile when crossed with cither pure parent-species 
than when crossed inter se, but still not as fully fertile 
as the parent-species. 

For the sake of ascertaining the two latter points, 
I transplanted a group of Avild ox lips into my 
garden. They consisted of one long-styled and 
three short-styled plants, which, except in the co- 
rolla of one being slightly larger, resembled each 
other closely. The trials which Avere made, and the 
results obtained, arc shown in the £ve folloAving 
tables, bio less than tw'eiity different crosses are 
necessary in order to ascertain fully the fertility of 
hybrid heterostyled plants, both inter se and with 
their tAvo parents-species. In this instance 2b6 fioAvers 
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were crossed in the course of four seasons. I may 
mention, as a mere curiosity, that if any one were to 
raise hybrids between two trimorphie heterostyled 
species, he would have to make DO distinct iinicns 
in or<ler to ascertain their fertility in all ways; 
and as he would liave to try at least 10 ilowers in 
each ciisej he would bo compelled to fertilise 000 
flowers and count their seeds* This would probably 
exhaust the patience of the most patient man. 



Table 14* 



Crosi^^es id ter sc the two forms of the common Oxllp. 



lUcijiUmate union. 


Legiiiimte unfpn* 


IltegittTTUiU wniw* 


Le-ijitimitc union. 


Short-stj'kd 0-s- 
iipf by pollen of 
shnrt-stylod oxlip: 
SiOflowensfeitilised^i 
did not proilyoe ooe 
capsule. 


Short-styled 03 - 
lip, by pollen of 
long - styled orlip : 
10 riow'ei-s fert ill 
did not produce one 


Long -styled dr- 
lip, by its own 
pollen : 24 flowers 
fertilised, pro^luced 
five caj>s Tiles, con- 
taining fi, 10, 20 , 
3, anil 14 seeds . 
Average 1 1 ' fi. 


Long- styled ot- 
lip, by pollen of 
sbort*iitylod orlip: 
1 0 flowers fertiJ lAed, 
did not produce ona 
capsule. 




Table 15* 




Jioth forms of the OxUp crossed toUh l^oUeu of hoth forms of tJie 

ComsUpf P* veris. 


vnim* 


Legitimate union. 


lltegitifnate U7ik>». 


Legitimate unibii. 


Shorb-styled oi- 
lip, ty pollen of 
short > Styled cow* 
slip ! IS dowers f&r- 
tilisedf did not pro- 
duce one capsuSe. 


Short-styled oi- 
Up, by polku of 
long * styled cow- 
slip ; 13 flowers 

fcrtiliBodj produced 
three capsules, cou- 
taiuing 7, 3, and 3 

wretched seeds, ap- 
parently ic capable 
of germipation. 


Long-atykd oi- 
lip, by pollen of 
long *sty led cow- 
slip i 11 flowers 
fertiliBed, produced 
one capsule, cou- 
tsining 13 wretched 
seeds, 


Long-styled or- 
lip, by pollen of 
short -styled cow- 
slip : 5 flowers 

fertilised, produced 
two capsules, con- 
taining 21 and 23 
very fine seeds. 
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Both forms of the Oottip eroAsed until PoUen of hdh forms of tU 

Primrose^ Fu vulgaris. 



<t?ajon. Lvfjitirr^tc unwift. llkgiiiTJutk Legitlmik mion. 



Slicrt-stj'la^Hl 03- 
Ii|i, by pallcia of 
short-styled liiritii- 
rfJSEi : 34 flowers 

fertilised, produced 
tft-o capsules, con- 
tniam^ 5 and 12 



Sh.ort-$tylcd ox- 
np^ by pollen of 
] ong - sty led prim- 
rose : 2fi flowers 
fertilised, produced 
SIX capsulee, con- 
tainin;^ IG, 20,5^ IQ, 
10, and 24 seeds. 
Avernficl5'7, ilany 
of the see its very 
jwior, some ^ood. 



Long-slylejJ Oi- 
lip, by pollen of 
long -styled prim- 
rose; 11 flowers 
fertilised^ produced 
four CApftules, con- 
taining 10, 7, and 
G TwretcheJ seeds, 
Average 7-0. 



Long-styled oj- 
liji', by jHilleo of 
short-styled prim- 
rose : 5 flowers 

fertilised, produced 
fire '’capsules, con- 
taining 26, 32, 23; 
2S, and 34 seeds. 
Average 2S-6. 



Tablk 17. 

Pofh ffyrtm of the Vomslip crossed vsith Pdhn ofhotkform& of Qjiif. 



iikgitinuiie mim. Legitimute lUegitimate ufiicn. Z^gitimdk aaitm 



Shoi^r-stylcd cow- 
slip, by pollen of 
short^tyled oxlip ; 
H flovL'birs fcitUiiied, 
ptCKluced not 
capsule. 



one 



T^ug-stylcd cow- 
slip, by pollen of 
shorl-i^tyled 
8 flowers tertiliaed, 
prc>duced one r:a|)- 
eide, containing 26 
semis. 



Long-styled cow'- 
slip, by poUen of 
long -styled oxlip : 
8 flowers fertiSiiii^, 
produced three cap- 
Bules, contaiDing b, 
6, and 14 seeds. 
Average 8 '3. 



Short-styled cow- 
slipr by poltea of 
lung -styled oilipJ 
8 flowers fevtitis^ 
produceil eight cap- 
sules, containing odi 
38, 31, 44, 23, 26t 
37, and G6 £eeda. 
Average 40 '4, 



Table 18. 

/tvth ffO'ms of the Prlrorose crossed unih Pollen of both farms of the Oxltp 



Bieidiijtiiiie KfuVn. * Legitimate wnitflu Jilegiiiwic iwi’nifn. j Legitimate 



Short-atylcd prim- 
rose, hy pollen of 
nil ott -styled os lip: 
8 flow'ers fertilised, 
produced not one 
capsule. 



Long-sty Iwl pri 



rose, by pollen of 



sbtirt-styled osTip : 
8 flowei‘3 fertilisml, 
prfldueed tw'o cap-j 
sult*A, containing 5 
and 2 seedst 



Long-atyled prim- 
rose, by poiten of 
long - styled oxlip : 
8 flowere fertilised, 
produced eight cap- 
sul OA, tontai ni U g 1 .6, 
7, 12, 20, 22,7, 18, 
and 1 3 seeds. Ave- 
rage 14' 0. 



Short-sty led prim- 
rose, hy pollen ^ of 
long - styled oxlip ^ 
S flowers fertilis™' 

produced four cap’ 
sules, contniELl**^ 
52, 53, 43, and 49j 

seeds, soiiiegocidsiw 
some bad. Average 
48-7. 
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We see in these five tables the number uf capsules 
and af seeds produced^ by crossing bi>th forms of the 
oxli]) in a legitimate and illegitimate nmmiet with one 
anotlierj and with the two forma of the primrose and 
cowslip. I may premise that the pollen of two of tlie 
short-styled oxlips consisted of nothing but minute 
aborted whitish cells ; but in the third abort -styled 
plant about one-flfth of the grains appeared in a sound 
condition* Hence it is not surprising that neither 
the short -styled nor the long-styled oxlip produced a 
single seed when fertilised with this pollen. Nor did 
the pure cowslips or primroses when illegitimately fer- 
tilised with it ; but when thus legitimately fertilised 
they yielded a few good seeds. The female organs of 
the short-styled oxlips, though greatly deteriomted in 
power, w^ere in a rather better condition than the male 
organs ; for though the short-styled oxlij^s yielded no 
seeds when fertilised by the long-styled oxlips, and 
hardly any when illegitimately fertilised by pure 
cowslips or primroses, yet when legitimately fertilised 
by these latter species, especially by the long-styled 
primrose, they yielded a moderate supply of good 
seed. 

The long-styled oxlip was more fertile than the 
three short-styled oxlips, and about half its pollen- 
grains appeared sound. It bore no seed when legiti- 
mately fertilised by the short-styled oxlips ; but this 
no doubt was due to the badness of the pollen of 
the latter ; for w hen illegitimately fertilised (Table 14) 
by its owm pollen it produced some good seeds, 
though much fewer than self-fertilised cowlips or 
primroses would have produced. The long styled ox- 
lip likewise yielded a very low average of seed^as may 
be seen in the third compartment of the four latter 
tables, when illegitimately fertilised by, and when 

J:’ 2 



lIYBRfP PRr.MULAa 



Chap. II. 



cs 



illef^itimatcly fertilising, pure cowslips ami primroses. 
The four corresponding legitimate unions, however, were 
moderately fertile, and one (viz. that between a short- 
styled cowslip and the long-styled oxli(j in Table IT) 
was nearly as fertile as if Ijotli parents had been pure. 
A shoit-styled priinrose legitimately fertilised by the 
long-styled oxlip) (Tabic 18) also yielded a moderately 
good ayerage, namely 48*7 seeds; but if this short* 
styled primrose had been fertilised by a long-styled 
primrose it would liave yielded an average of 65 seeds. 
If wc take tiie ten legitimate unions together, and the 
ten illegitimate unions together, we shall find that 29 
]ier cerit. of the flowers fertilised in a legitimate m annex 
yielded capsules, these containing on an average 27*4 
good and bad seeds; whilst only 15 per cent, of the 
flowers fertilised in an illegitimate manner yielded 
capsules, these containing on an average only 11 ’0 
good and bad seeds. 

In a previons part of tills chapter it was shown that 
illegitimate crosses l>e tween the loner-styled form of 
the primrose and the long-styled cowslip, and between 
the short-styled primrose and short-styled cowslip, are 
more sterile than legitimate crosses between these two 
species ; and w e now see that the same rule liolds good 
almost invariably with their hybrid offspring, whether 
these aro crossed inter se, or with either parent-species ; 
so that in this particular case, but not as we shall pre^ 
sently see in other cases, the same rule prevails with 
the pure unions between the two forms of the same 
heterostyled species, with crosses between two distinct 
heterostylcd species, and with tlieir hybrid offspring. 

Seeds from the long-styled oxlip fertilised by its 
oivn pollen were sown, and three long-styled plants 
raised. The first of these w^as identical in every 
character with its parent. The second bore rather 
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SDialler flowers^ of a paler coIouFj almost like tlioso of 
the primrose ; the scapes were at iirst single- flowered, 
but later in the season a tall thick scape, bearing manv 
flowers, like that of the parent oxli[>, was thrown up. 
The third piaut likewise produced at first only single- 
flowered scapes, with the flowers rather small an<l of a 
darker yellow; hut it perished early. The second 
plant also died in September; and the first plant, 
though all three grew under very favonrahlc con- 
ditions, looked very sickly. Hence we may infer that 
seedlings from self-fertilised oxlips would harilly be 
able to exist in a state of nature, T was surprisetl to 
find that all the pollen-grains in the first of these seed- 
ling oxlips appeared sound ; and in the second only a 
moderate number were had. These two platLts,how ever, 
had not the power of ]j reducing a proper number of 
seeds ; for though left uncovered and surrounded by 
pure primroses and covvslips, the capsules were esti- 
mated to include an aveiago of only from fifteen to 
twenty seeds. 

From having many experiments in hand, I did not 
so^v tlie seed obtained by crossing both forms of the 
primrose and cowslip with both forms of the oxlip, 
which I noiv regret; hut 1 ascertained an interest- 
ing point, namely, the character of the offspring 
from oxlips growing in a state of nature near both 
primroses and cowslips. The oxlips were the same 
plants w hich, after their seeds had been collected, were 
transplanted and experimonted on. From the seeds 
thus obtained ciglit plants were raised, which, when 
they flowered, might have been mistaken for pure 
primroses ; but on close comjjarison tlio eye in the 

centre of the corolla was seen to bo of a darker yellow 

■> 

and the peduncles more elongated. As the season ad* 
vanced, one of these plants threw up two naked scapes, 
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7 inches in Jioigbt, which boro umbels of flowers of 
the aiime diameter as before* I'liis fact led me to e.\- 
amine the other plants after they had flowered and 
were duf^ iij>; and I found that the flower-peduncles 
of all sprung from an extremely short common scape, 
of which no trace can be found in the pure primrose* 
Hence these plants are beautifully intermediate l>e- 
tween the oxlip and the primrose, inclining rather 
towai^Is the latter ; and we may s^^fely conclude that the 
parent oxHps had been fertilised by the surrounding 
primroses. 

From the various facts now givciij there can be no 
doubt that the common oxlip is a hybrid between the 
cowslip {P. veriSf Brit. FI.) and the primrose (P. vul~ 
garisj Brit. FI)^ as has been surmised by several 
botanists* It is probable that ox lips may be produced 
either from the cowslip or the primrose and the seed- 
bearerj but oftenest from the latter, as I judge from 
the nature of the stations in which ex lips are generally 
found,* and from the primrose when crossed by the 
cowslip btungmort^ fertile than, conversely, the cowslip 
by the ]>riiiirose* The hybrids themselves are also 
rather more fertile when crossed with the pudinrose 
than with the cowslip* Whichever may be tlie seed- 
bearing plant, the cross is probably between different 
forms of the two species ; for we have seen that legiti- 
mate hybi id unions are more fertile tlian illegitimate 
hybrid unions* Moreover a friend in Surrey found 
that 29 ox lips wliich grew in the neighbourhood of 
his house consisted of 13 long-styled and Ifl short- 
styled plants ; now, if the parent-plants had been 
illegitimately united, either tlie long- or short-styled 
lorm would have greatly preponderated, as w e shall 

• ^ nRo on this Lmd IIurdwiclte^B ' Scioncc^GfiBsip,* 13G7, pp. 
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hereafter see good reason to believe. The ease of 
the 0x1 ip is interesting ; for hardly any other in- 
stance is known of a hybrid spontaneously arising 
in such largo numbers over so wide an extent of coun- 
try. The common oxiip (not the P. doMor of Jacq.) 
is found almost everywhere throughout En gland , where 
bt)th cowslips and primroses grow. In some districts, 
as I have seen near Hartfield in Sussex and in parts 
of Surrey, specimens may be found on the borders of 
almost every field and small wood. In other districts 
the oxiip is comparatively rare ; near my own resi- 
dence I have found, during the last twenty-five years, 
not more than five or six plants or groups of plants. 
It is difiieult to conjecture what is the cause of this 
difference in their number. It is almost necessary 
that a plant, ox several plants, belonging to the same 
form, of one parent-species, should grow near the 
opposite form of the other parent-species ; and it is 
further necessary that both species should be fre- 
quented by the same kind of insect, no doubt a moth. 
The cause of the rare appearance of the oxiip in 
certain districts may be the rarity of some moth, 
which in other districts habitually visits both the 
primrose and cowslip. 

Finally, as the cowslip and primrose differ in the 
various characters above specified, — as they are in a 
high degree sterile when in ter crossed, “-as there is no 
trustworthy evidence that either species, when un- 
crossed, has ever given birth to the other species or 
to any intermediate form,— and as the intermediate 
forms which aro often found in a state of nature have 
been shown to be more or less sterile hybrids of the 
first or second generation,— we must for the future 
look at the cowslip and primrose as good and true 
species. 
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Vrimxda elatior, -Tacq,, or the Burdfield Oslip, is 
fouacl in England only in t^vo or threo of the eastern 
coimties* On tlie Continent it hag a somewhat dif- 
ferent range from that of the cowslip and |JTimrose ; 
and it inhabits some districts where neither of these 
species live.* In general appearance it diflerg 90 
much from the common oslip^ that no one accustomed 
to see Loth forms in the living state could afterguards 
confound them; but there is scarcely more than a 
single character by which they can be distinctly de- 
fined, namely, their linear-obloug capsules equalling 
the calyx in length. t The capsules when mature differ 
conspicuous! y, owdng to their length, from those of the 
cowslip and primrose* With respect to the fertility 
of the two forms when these are united in the four 
possible methods, they behave like the other Iietero- 
styled species of the genus, but differ somewhat (see 
Tables 8 and 12) in the smaller proportion of the il* 
legitimately fertilised do wws which set capsules. That 
P* elaiior is not a hybrid is certain^ for w^hen the two 
lorms were legitimately united they yielded the large 
average of 47 'I seeds, and wlien illegitimately united 
80 5 per capsule ; whereas, of the four possible unions 
(Table 14) betiveen the tw-o forms of the common ox- 
lip W'hieh \ve know to be a hybrid, one alone yielded 
any seed ; aud in this case the average number was 
only 11 ’6 per capsule. I\Ioreover X could not detect 
a single bad pollen-grain in the anthers of the short- 
styled P* elatior ; whilst in two short-styled plants of 
the common oslip all tlie grains were bad, as were 
a largo majority in a third jdant. As the common 



* For England, sm llfiwett C, 
Wai^ii, ' Cjl>o]0 itri vol. 

II. 1S4&, li. 2m. For tJio Con- 
tinent, 6» LtjfVK,, ‘(Jeci^Tapli. 
liotEmique dts FEurope; tom. viii 



1SS8, 142. For tlie Alps, stti 

‘Ann. and Mair. Xsp* v^'l, 
ii. IS42, pp. I Oh! arid 515. 
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0x1 ip 13 a hybrid between the primrose and cowslip, it 
is not surprising that eight long- styled flowers of the 
primrosej fertilised by pollen from the long^styled 
common oxHp, produced eight capsules (Table 18), 
containing, however, only a low average of seeds; 
wliilst the same number of flowers of the primrose, 
similarly fertilised by the long-styled Bard field oxlip, 
produced only a single capsule; this latter plant 
being an altogether distinct species from the primrose. 
Plants of F. elatior have been propagated by seed in 
a garden for twenty-five years, and have kept all this 
time qnite constant, excepting that in some cases the 
flowers varied a little in si^o and tint* Nevertheless, 
according to Mr. H, C. Watson and Dr. Brom field,! 
plants may he occasionally found in a state of nature, 
in which most of the characters by which this species 
can be distinguished from P. veris and wJgaris fail ; 
but such intermediate forms are proliably due to 
hybridisation ; for Kerner states, in the paper before 
referred to, that hybrids sometimes, though rarely, 
arise in the Aljis between P. elatior and veris. 

Finally, although w'e may freely admit that Prirmda 
verts, vulgaris, and elatior f as well as all the other 
species of the genus, arc descended from a common 
primordial form, yet from the facts above given, wo 
must conclude that these three forms are now as fixed 
in eharacter as are many others vrhich are universally 
ranked as true species. Consequently they have as 
good a right to receive distinct specific names as have, 
for instance, the ass, quagga, and zebra. 

Mr. Scott bas arrived at some interesting results by 
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crossing other hcterostyled species of Primula.* I 
Jiave already alluded to liis statement, that in four 
instances (not. to mention others) a species when crossed 
with a distinct one yielded a larger number of seeds 
than the same species fertilised illegitimately with its 
OAvn-form pollen^ though taken from a distinet plant. 
It has long been known from the researches of Kolreuter 
and CTtirtner, thtit tAvo species when crossed reciprocally 
sometimes differ as widely as is possible in their fer- 
tility : thus A Avhen crossed A\ith the pollen of B will 
yield a large number of seeds, wdiilst B may Ixs crossed 
repeatedly with pollen of A, and will never yielda single 
seed. Now Jlr. Scott shows in several cases that the 
same law holds good w^hen tAYo heterostyled species 
of Primula are intercrossed, or w^hon one is crossed 
Avitli a bomostyled species. But the results are much 
more complicated than with ordinary plants, as two 
heterostyled dimorphic species can be intercrossed in 
eight different ways. I will give one instance from 
Sir. Scott. The long-styled P. hirautu fertilised legi- 
timately and illegitimately with pollen from the two 
forms of P. auri<iulaf and reciprocally the long-styled 
P, aur^tetda fertilised legitimately and illegitimately 
with pollen from the two forms of P. MrsiUaf did 
not produce a single seed. Nor did the short- 
styled P. hirsuta when fertilised legitimately and 
illegitimately with the pollen of the twm forms of 
P. aurwida. On the other hand, the short-style<l 
P. auricula fertilised with pollen from tho long-styled 
1 , Mrsuta yielded capsules containing on an average 

oG seeds ; and tho short-styled P. 
aurmda by pollen of the short -st yled P. hirs uta 
yielded capsules containing on an a^^erage 42 seeds 
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per capsule. So that out of the eight poBsiblc miions 
between the two forma of tliese two specieSj aix 
were utterly barren, and two fairly fertile. We hsL\e 
seen also the an me sort of extraordinary irregularity in 
the results of my twenty different crosses (Tables 
14 to 18), between the two forms of the ox lip, prim- 
rose, and cowslip. IMr, Scott remarks, with respect 
to the results of his trials, that they are very surprising, 
os they show us that “ the sexual forma of a species 
manifest in their respective powers for conjunction 
with those of another sjjecies, physiological peculiari- 
ties which might well entitle them, by the criterion of 
fertility, to specific distinction,” 

Finally, although P. verts and vulgaris^ when crossed 
legitimately, and especially when their hybrid offspring 
are crossed in this manner with both parent-species, 
were decidedly more fertile, than when crossed in an 
illegitimate manner, and although the logitimato cross 
effected by Mr. Scott between P, atiricula and hirmta 
was more fertile, in the ratio of 5(5 to 42, than the 
illegitimate cross, neyerthelcss it is very doubtful, 
from the extreme irregularity of tho results in the 
various other hybrid crosses made by Mr. Scott, whether 
it can be predicted that two heterostyled sjK'^cies are 
generally more fertile if crossed legitimately when 
opposite Ibrms are united) than when crossed illegiti- 
matelv. 



In an early part of this chapter I remarked that few 
other instances could be given of a hybrid spontane- 
ously arising in such largo numbers, and over so wide an 
extent of country, as that of the common ox lip ; but per- 
haps the number of well-ascertained cases of imturally 
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pro(luct-!cl hybrid willows is equally j:^reat..* Numerous 
Spontaneous hybrids between several speeies of Cist us, 
found near Narboniiej have been carefully described 
by 31. Tiinbal-Lagrave,t aTidmany hybri<lg betw-een an 
Aceras and Orchis have been observed by Dr, Wed dell 4 
In the genus Verbascum, hybrids are supposed to have 
often originated^ in a state of nature ; some of the^e un- 
doubtedly are hybrids^ and several hybrids have origi- 
nated in gardens ; but most of these cases require, | aa 
Garttier remEirks^ verification, lienee the following 
case is worth recording, more especially ag the two 
species in question, F, thapsm and I^chmtisy are per- 
fectly fertile wdien insects are excluded, showing tiiat 
the stigma of each flower receives its own pollen, 
Moreover the flowers offer only pollen to insects, and 
have not been rendered attractive to them by secret- 
ing nectar. 

I transplanted a young wild plant into my garden 
for experimental purposes, and when it flowered it 
plainly (lifiered from the two species just mentioned 
and from a third w^hich grows in this neighbourhood, I 
tliought that it Avas a strange variety of F, thapsii>A. It 
attained the height (by measurement) of 3 feet ! It 
was covered with a net, and ten flowers were fertilised 
with p>ollen from the SEime plant ; later in the setison, 
w'hen uncovered, tlio flowers were freely visited by 
pollen-collecting bees ; rieverthcdess, although many 
capstdes were ])rodnced, not one contained a single 
seed. During the following year this same plant vias 
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left uncovered near plants of F. ihaiysiis and Ij/Glmitis ; 
but again it did not produce a single seed. Four 
flowers, however, which w^ro re]jeatcdly fertilised 
with pollen of V* li/Ghfhithj whilst the plant w'as tem- 
porarily kept under a net, produced four capsules, 
which contained five, one, two, and two seeds ; at the 
same time three flowers were fertilised with pollen of 
V. thapsus, and these produced tw'o, two, and three 
seeds. To show how unproductive these seven capsules 
were, I may state that a fine capsule from a plant of 
V. tJia^ysuSj grow'ing close by, contained above 700 seeds* 
These facts led me to search the moderately sized field 
whence my plant had been removed, and 1 found in it 
many i)lants of K tha^^sus and hjehmiw^ as well as 
thirty-three plants intermediate in character between 
these two species* These thirty-three plants rliflfered 
much from one another. In the branching of the stem 
they more closely resembled V. l^chnitis than F* thapsus, 
but in height tho latter species. In the shape of their 
leaves they often closely approach K li/chmtiiSy but 
some had leaves ejrtremely woolly on the upj>er surface 
and decurrent like those of F* thapsus ; yet the degree 
of woolliness and of decurroncy did not always go 
together* In the petals being flat and remaining 
open, and in the manner in w'hich the anthers of the 
longer stamens were attached to the fl laments, these 
plants all took more after F. lyehnitis than F, thapsus. 
In the yellow colour of the corolla they all resembled 
the latter sx>ecies* On the whole, these plants appeared 
to take rather more after F* hjchmtk than F* thapm^. 
On the supposition that they w^ere hybrids, it is not an 
anomalous circumstance that they should all have pro- 
duced yellow flowers ; for Gartner crossed w bite and 
yellow-flowered varieties of Verbasenm, and the off- 
spring thus produced never bore Howlers of an inter- 
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mediate tintj Init either pure ’^vliite or pure yello^v 
flowers, generally of the latter colour,* 

My observations were made in the autumn ; so that * 

I w'as able to collect some lialf-matured capsules from ' 

twenty of the thirty-three intermediate plants, and “ 

likewise capsules of the pure F, Jyehmtid and tJmp&us i 

growing ill the same field. All the latter were filled 
with perfect but immature seeds, whilst the capsules ^ 

of the twenty intermediate plants did not contain one i 

single perfect seed- These plants^ consequently, were ^ 

absolutely barren. From this fact, — from the one plant i 

which was transplanted into my garden yielding w hen i 

artificially fertilised with pollen from F hjehnitis and | 

tha2>s^i3 some seeds, though extremely few’ in number, — i 

f rom the circumstances of the two pure species growing \ 

in the same field, — and from the intermediate character i 

of the sterile plants, there can be no doubt that they ] 

were hybrids. Judging from the position in which ] 

they were chiefly fouud, I am inclined to believe they ] 

were descended from V. thapsus as the seed-hearer, and ; 

F hjehnith as the pollen -Ix'arer. : 

It is known tliat many speedes of Yerbasenm, when i 
the stem is jarred or struck by a stick, cast off their j 
flowers-t This occurs with F ,as I have re- i 

peatedly observed, The^corolla first separates from its i 

attachment, and then the sepals spontaneously bend , 

inwards so as to clasp the ovarium, pushitig oft" the i 

corolla by their movement, in the course of two or j 

three minutes, Nothing of tins kind takes |>lace with , 

young biirely oxpaiidod fiowers. With I^ch- . 

nitis and , as 1 beli e ve, F jphoimcc um the corol la is not cast | 
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nfT, howerer often and seycrely tho stem may he stnick. 
In this ciirions pTO|>erfcy the ahoYe-clescnbed hybrids 
took after V. thapsiis ; for 1 observed, to my surprise, tIl^lt 
when I piille<l off the flower-buds round tlic flowers 
which I wished to mark with a thread, the slight jar 
invariably caused the eorollaa to fall off* 

These hybrids are interesting under several points of 
view. First, from the number ft>und in, various parts 
of the same moderatelv-sizxed field. That thevov\ ed their 
origin to insects flying from flower to flower, whilst col- 
lecting pollen, there can he no doubt. Altiiough in- 
sects thus rob the flowers t>f a most precioUxS substance, 
yet they do great good ; for as I have elsewhere 
shown,* the seedlings of F* thapsm raised from flowers 
fertilised with pollen from anotlicr plant, are more 
vigorous than those raised from sclf-fcTtiliscd flowers. 
But in this particular instance the insects did great 
harm, as they led to the productian of utterly barren 
plants. Secondly, these hybrids are remarkable from 
differing much from one another in many of their 
diameters; for hybrids of the first generation, if 
raised from uncultivated plants, are generally uni- 
form in character. That these hybrids belonged to 
the first generation we may safely conclude, from the 
absolute sterility of all those observed by me in a state 
of nature and of the one plant in my garden, excepting 
when artificially and repeatedly fertilised with pure 
pollen, and then the number of seeds produced was 
extremely small As these hybrids varied so much, an 
almost perfectly graduated series of forms, connecting 
together the two widely distinet parent-species, could 
easily have been selected. This case, like that of 
the common oxlip, shows that botanists ought to be 
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cautious in inferring the spocifie identity of two forma 
from the presence of in ter mediate gradations ; nor 
would it be easy in the many cases in wliich hybrids arcj 
moderately fertile to detect a slight degree of sterility in 
such plants growing in a state of nature and liable to he 
fertilised by either parent-species. Thirdly and lastly, 
these hybrids offer an excellent illustration of a .state* 
ment made by that admirable obser^'^er Gartner, namely, 
that although plants which can be crossed with ease 
generally produce fairly fertile oifspriugj yet well- 
pronouiiced exceptions to this rule occur; and here we 
liave two species of \erbascum which evidently cross 
with the greatest ease, but produce hybrids which are 
excessively sterile. 
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CHArTER III. 

Heterostyled Dimorphic Plants — continued, 

Liiium g;mndiflf)rutn^ loiig-utylcd form utterly sterile with owti-form 
pollen— Linurn pcrencie, tOT&ion of the pistilii in the Ifmg-styled 
form ulode — Ilomostyled Species of Liu urn — ^Puliuonaria officiunlis, 
singular differcuco in self-fertility between the Euglieh and German 
long-styled plants — Pulmonaria august [folia shown to be a distinct 
species, long-styled form completely aelf-sterile — Polygonum fago- 
pyrum — Various other heteroatyled genera — Eubiaeeio— Mifchella 
ropens, fertility of the fluwers in piiitfi — Elouatonia — Faramea, 
remarkable diflerenee ill the pollen-graiua of the two forma; tor- 
sion of the atainens in the ehort-styled forui alone ; dcTclopment 
not as yet perfect— The heteroatyled fltrncturc in the several 
Kubiaccous genera not tine to descent in common. 

It hits long been known* that several species of 
L ilium present two formg^ and having observed this 
fact in Ij, Jlavum more than thirty years ago, I was 
led, after ascertaining tlie nature of heterostyli&ni in 
Primula, to examine the first species of Linuin which 
I met with, namely, the beautiful L. gmndijlorum. 
This plant exists under two forms, occurring In about 
equal numbers, which differ little in structure, but 
greatly in function. The foliage, corolla, stamens, and 
pollen-grains (the latter examined both distended with 
Avater and dry) are alike in the two forms fFig. 4)- 
The diiference is confined to the j)istil ; in the short- 
styled form the styles and the stigmas are only about 
half the length of those in the long-styled. A more 
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imiwrttmt distinetion is, that the hvo stigmas in the 
short-styled form diverge greatly from one anotherj 
anti pass out between tlie filaments of the stamens, 



Fig. 4. 




Long-stj'lthd form» Short-sityled form, 
f s stlgn'ias. 

Linum geasdiflorcm. 

and thus lie within the tube of the corolla. In the 
long-styled form the elongated stigmas stand nearly 
upright, and alternate with the anthers. In this latter 
form the length of the stigmas varies considerably, 
their upper extremities projecting even a little above 
the anthers, or reaching up only to about their middle. 
Nevertheless, there is never tho slightest difficulty in 
distinguishing between the two forms ; for, besides the 
dift'erence in the divergence of the stigmas, those of 
the short-styled form never reach even to tho bases 
of the anthers. lu this form tho papillae on the stig- 
matic surfaces are shorter, darker coloured, and more 
crowded together than in the ion'T-styled form ; bnt 
these diflerences seem due merely to the shortening 
of the stigma, for in the varieties of the long-styled 
lorm with shorter stigmas, the pa pi life are more crowded 
and darker-coloured than in those with the longer 
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stigmas. Considering the alight and Tariahle differ- 
ences between the two forma of this Liinim, it is not 
surprising that hitherto they have been overlooked. 

In 1861 I had eleven plants in my garden, eight of 
which svere long-styled, and three short-styled. Tn^i 
very fine long-styled plants grew in a bed a hundred 
yards oiT all the otliei's, and se|>axated from them hy a 
screen of evergreens. I marked twelve fiowera, and 
placed on their stigmas a little jxdlen from tlie short- 
styled i>lants. The pollen of the two forms is, as 
stated, identical in a])]jearanee ; the stigmas of the 
long-styled llow'ers were already thickly covered with 
their own pollen — so thickly that I could not find one 
hare stigma, and it was late in the season, namely, 
September 15th. Altogether, H seemed almost childish 
to expect any result. Nevertheless from my ex pen- 
men ts on Primula, I had faith, and did not hesitate to 
make the trial, but certainly did not anticipate the 
full result which was obtained. The gennens of these 
twelve flowers all swelled, and ultimately six fine cap- 
sules (the seed of which gerjninated on tlie following 
year) and two poor capsules were produced ; only four 
capsules shanking oft'. These same two long-styled 
plants produced, in the course of the summer, a 
vast number of flowers, the stigmas of whicli were 
covered with their own pollen ; but they ail proved 
absolutely barren, and their germena did not even 
swell. 

The nine other plants, six long-styled and three 
short-styled, gre^v not very far apart in my flower- 
garden. Pour of these iong-atyled plants produced no 
aeed-capsules ; the fifth jj rod need tw o ; and the remain- 
ing one grew' so close to a short-styled plant that 
their branches touched, and this produced twelve cap- 
sules, but they were poor ones. The case was difterent 

tr 2 
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with the short styled plants. The one which grew 
close to the Ion g- sty led plant produced ninety 'four 
imperfectly fertilised capsules containing a multitude 
of had seeds, with a moderate number of good ones. 
The two other short-styled plants growing together 
were small, being partly smothered by other plants ; 
they did not stand very close to any long-styled plants, 
yet they yiehled together nineteen capsules. These 
facts seem to show that the short-styled plants are more 
fertile with their own pollen than are the long-styled, 
and we shall immediately see that this probably is the 
case. But I suspect that the difference in fertility be- 
tw^een the two forms was in this instance in part, due to 
a distinct cause. I repeatedly watched the flowers, and 
only once saw" a humble-bee momentarily alight on 
one, and then fly away. If bees had visited the several 
plants, there Ciinnot be a donbt that the four long- 
styled plants, wliich did not produce a single capsule, 
would have liomo an abundance. But seyeml times I 
saw small diptern sucking tho flowers ; and these 
itisects, though not visiting the flowers with anything 
like the regularity of bees, would cany a little pollen 
irom one form to the other, especially w hen growing 
near together j and the stigmas of the short-styled 
plants, diverging within the tube of the corolla, would 
be more likely than the upright stigmas of the long- 
styled plants* to receive a small quantity of pollen il 
brought to them by small insects. Moreover from the 
greater number of the long-styled than of the short- 
styled jjJants in tho garden, the latter would be more 
likely to receive pollen from tho long-styled, than the 
long-styled from the short-styled. 

In 18U2 1 raised thirty-four plants of this Idnuni in a 
hot -bed I and these consisted of seventeen long-styled 
and entcen short-styled forms. Seed so>v n later in the 
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flower-garden yielded seveiitccii long-styled and twelve 
Phort-styled forms. These facts justify the statement 
that the tivo forms are pixKliiced in iiboiit equal n lim- 
bers. The tliirty-four plunta of the first lot were kept 
under a net whick excluded all insects, except suck 
minute ones as Thrips. I fert ilised fourteen long -styled 
flowers legitimately, with pollen from the short-atyled, 
and got eleven fine seed -capsules, whicli contained on 
an average 8t> seeds per capsule, but only 5 (i appeared 
to be gO(xL It may l>o ucll to state that ten seeds is 
the maximum production for a cajjsule, anil that oiir 
climate cannot be ye rv favourable to this !N^orth- African 
plant. On three occasions the stigmas of nearly a 
hundred flowers were fertilised illegitimately ^vith their 
OAvn-form pollen, taken from separate plants, so as to 
prevent any possible ill effects from dose inter-breed- 
ing. Many other flowers were also produced, which, as 
before stated, must have received plenty of their own 
pollen ; yet from all these flowers, borne by the seven- 
teen long-styled plants, only three capsules were pro- 
dncetL One of these included no seed, and the other 
tv o together gave only five good seeds. It is probable 
that this miserable product of two half-fertile capsules 
from the seventeen plants, each of which must have 
produced at least filty or sixty flowers, resulte^l from 
their fertilisation with pollen from the short-styled 
plants by the aid of Tlirips ; for I made a groat 
mistake in keeping the two forms under the same net, 
Avith their branches often interlocking ; and it is sur- 
prising that a greater number of flowers were not 
accidently fertilised. 

Twelve short-styled floAvers were in this instance 
castrated, and afterwards fertilised legitimately with 
pollen from the long-styled form ; and they produced 
seven fine capsules. These included on an average 
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7'G seoda, but of apparently good seed only4'3 per 
capsule. At tliree separate times nearly a Inindred 
do\Yeis were fertilised illegitimately with their own- 
form pollen j taken from separate plants ; and nu- 
meioiis other flowers were produced, many of which 
must have received their own pollen. From all these 
iimvers on the seventeen short-styled plants only fifteen 
<!apsiiles were pirodneed, of which only eleven con- 
tained any good seed, on an average 4 ■ 2 per capsule. 
As remarked in the case of the long-styled plants, 
sotne even of these capsules were perliaps the product 
of a little pollen accidentally fallen from the adjoining 
flowers of the other form on to the stigmas, or trans- 
ported by Thrips. N evcrtlieless the short-styled plants 
seem to he slightly more fertile with their owm pollen 
than the long-styled, in the proportion of fifteen cap- 
sules to three ; nor can this difforonce bo accounted 
for by the short-styled stigmas being more liable to 
receive their own pollen than the long-styled, for the 
reverse is the case. The greater self-fertility of the 
short*styled floivers w'as likewise shown in 18G1 by 
the ] (hints in my flower-garden, svhich were left to 
themselves, and were but sparingly visited by insects. 

On account of the probability of some of the flowers 
on the plants of both forms, w^hich were covered under 
the same net, having l>een legitimately fertilised in 
an aecidental manner, the relative fertility of tlie 
two legitimate and two illegitimate unions cannot 
be compared wdth certainty ; but judging from the 
number ol good seeds per capsule, the flificrence vras 
at least in the ratio of 100 to 7, and piiobably much 
greater. 

Hildebrand tester! my results, but only on a single 
shoit-styled plant, l>y fertilising many flowers with 
their own-form pollen; and tiiose did not produce any 
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seed, TJiis confirms my suspicion that some of the 
few capsules produced by the foregoing seventeeri 
short- sty led ])lants were the product of accidental 
legitimate fertiLisation. Other flowers on the same 
plant were fertilised by Hlldehrand with pollen from 
the long-styled form, and all produced fruit.* 

The absoluto sterility (judging from the experi- 
ments of 1861) of the long-styled plants with their 
own-form pollen led mo to examine into its apparent 
cause; and the results are so curious that tiiey are 
worth giving in debiih The experiments were tried 
on plants gro^vn in pots and brought successively 
into the house. 

Fird. Pollen from a short-styled plant was placed 
on the five stigmas of a long-sty led flower, and these, 
after thirty hours, were found deeply penetrated by a 
multitude of pollen-tubes, far too numerous to he 
counted; the stigmas had also become discoloured 
and twisted, I repeated this experiment on another 
flower, and in eighteen hours the stigmas were pene* 
trated l)y a multitude of long pollen-tubes. This is 
what might have lieen expected, as the union is a 
legitimate one. The converse experiment was likewise 
tried, and pollen from a long-styled flower was placed 
on the stigmas of a short-styled flower, and in twenty- 
four hours the stigmas were discoloured, twisted, and 
penetrated by numerous jx)llen-tuhcs ; and this, again, 
is what might have been expected, as the union was 
a legitimate one. 

Secondly. Pollen from a long-styled flower w^as placed 
on all five stigmas of a long-styled flower on a separate 
plant : after nineteen hours the stigmas were dissected, 
and only a single pollen -grain had emitted a tube, 
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and this wtis a very sliort one. To make sure tliat the 
|wllen was goodj 1 took in this case^ and in most of 
the other cases^ pollen cither from the same anther or 
from the same tloiverj and proved it to be good by 
placing it on the stigma of a short-styled plant., and 
found nnmerouR pollen-tubes emitted- 

Thirdlif. Bepeated last experinieut, and placed own- 
form pollen on all five stigmas of a long-styled dower; 
after nineteen hours and a half, not one single grain 
had emitted its tube. 

Fourthly. Hepeatcd the experiment, with the same 
result after twenty -four hours. 

Fifthly. Bepeated last experiment, and, after leaving 
pollen on for nineteen hours, put on an additional 
quantity of own-form pollen on all five stigmas. After 
an interval of three days, the stigmas ivere examined, 
and, instead of being discoloured and twisted^ they 
vrere straight and fresh-coloured* Only one grain had 
emitted a quite short tube, which was drawn out of 
the stigmatic tissue without being ruptured- 

The following experiments are more striking : — 

Sixthly. I placed owndbim pollen on three of the 
stigmas of the long-styled flower, and pollen from a 
short- styled flower on the other tw-o stigmas. After 
twenty-two hours these two stigmas were discoloured, 
slightly twisted, and penetrated by the tubes of nu* 
morons pollen-grains : the other three stigmas, covered 
wdth their own-form pollen, were fresh, and all the 
}x>lleii-grains were loose ; but I did not dissect the 
whole stigma. 

Se^venthty, Experiment repeated in the same manner, 
w ith the same result. 

Fiyhthly. Experiment repeated, but the stigmas were 
caretully examined after an Interval of only five hours 
and a half. The two stigmas with pollen from a 
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shoTt-styled flower were penetrated by innumerable 
tubes, which w^ere as yet short, and the stigmas them- 
selves were not at all discoloured. The three stiginas 
covered with their own-form pollen were not pene- 
trated hy a single pollen-tiibo. 

Ninthly, Put pollen of a short-styled flower on a 
single long-styled stigma, and own-forrn pollen on the 
other four stigmas ; after twenty-four hours the one 
stigma was somewhat disoolonred and twisted, and 
penetrated hy many long tubes : the other four stiginas 
were quite straight and fresh ; hut nii dissecting them 
I foimd that three pollen*grains had protruded very 
short tubes into the tissue. 

TentJdy. Eepcated the experiment, with the same 
result after twenty-four hours, excepting that only two 
own-form grains had penetrated the stigmatic tissue 
with their tubes to a very short depth. The one 
stigma, which was deeply penetrated by a multitude 
of tubes from the sliort-styled pollen, presented a 
conspicuous difference in being ranch curled, half- 
shrivelled, and discoloured, in comparison with the 
other four straight and [iright pink stigmas. 

I could add other exjieri merits : but those now^ 

given amply suffice to show that the pollen-grains of 
a short-styled flower placed on the stigma of a iong- 
stvled flower emit a multitude of tubes after an in- 
terval of from five to six hours, and penetrate the 
tissue ultimately to a great dcjith; and that after 
twenty-four hours tho stigmas thus penetrated change 
colour, become twisted, and apj^iear half- withered. On 
the other hand, pollen-grains from a long-styled flower 
placed on its own stigmas, do not emit their tubes 
after an interval of a day, or even three days ; or at 
most only three or four grains out of a multitude emit 
their tubes, and these ajjpareutly never penetrate the 
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stigmatin tissno; deeply^ and the stigmas themselves 
do not soon become diseoionred and twisted. 

This seems to me a remarkable physiological fact 
The j)olle:i-graiT [3 of the two forms are iiiidistinguisb- 
able under the microscope ; the stignias differ only in 
length, degree of divergence, and in the size, shade of 
colour, and apjirosimation of their papillm, these latter 
differences being variable and apparently due merely 
to the degree of elongation of the stigma- Yet we 
plainly see that the two kinds of pollen and the tivo 
stigmas are widely dissimilar in their mutual reaction 
— the stigmas of each form being almost po^verless on 
tlieir own^ i>olIen, but causing, through some myste- 
rious influence, apparently by simple contact {fbr I 
could detect no viscid secretion), the pollen-grains of 
the oj>posite torm to protrude tlieir tubes. It may he 
said that the two 2:10 liens and the two stigmas mutually 
recognise each other by some means. Taking fertility 
as the criterion of distinctness, it is no exaggeration to 
say that the pollen of the long-styled Limmi ^ramU- 
Jiorum (and conversely that of the other form) has been 
brought to a degree of differentiation, w ith respect to 
its action on the stigma of the same form, corres2X>nd- 
ing with that existing bfdween the pollen and stigma 
of species belonging to distinct genera. 

Ijimim per enne^ — This S|jecies is conspicuously hete- 
rostyled, as has been noticed by several authors. The 
pistil in the long-styled form is nearly twice as long as 
that ol the short -styled. In the latter the stigmas are 
smaller and, diverging to a greater degree, ]>as3 out 
low down between the filaments. I could detect no 
difterence in the tivo forms in the size of the stigmatic 
paj>illo&. In the long-styled form alone the stigmatic 
surfaces of the mature ji^istils twist round, so as to lace 
the circumference of the flower j but to this point I 
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shall presently retiini. Differently from what occurs in 
L. grandifioi’um, the long-styled iloivers have stEimens 
hardly more than half the length of those in the short- 
styled. The size of the pollen-gmins is rather variahle ; 
after some doubt, I Imve come to tho conclusion that 
there is no uniform difference between the grains in 
the two forms* The long stamens in the short-styled 
form jiroject to some height above the ccmdla, and 
their filaments are coloured blue apparently from ex- 
posure to the ligiit* The anthers of the longer stamens 
correspond in height with the lower part of the stigmas 
of the long-styled liowers ; and the anthers of the 
sliorter stamens of the latter correspond in the s^ime 
manner in height with the stigmas of the short- styled 
flowers, 

1 raised froni seed twenty-six plants, of which twelve 
proved to bo long-styled and fourteen short-styled* 
They flowered well, but were not large plants. As I 
did not expect them to flower so soon, I di<l not trans- 
plant them, an<l they unfortunately grew with their 
branches closely interlocked. All the plants were 
covered under the same net, excejjting one of each 
form. Of the flowers on the long-styled plants, twelve 
were il legitim itely fertilised with their own-form jk)1- 
Icn, taken in every case from a separate plant ; and not 
one set a seed -capsule : twelve other flowers w^ere legi- 
timately fertilised with pollen from short-styled flow ers ; 
and they set nine capsules, each including on an 
average 7 good seeds, ten being tho maxiniuni number 
ever produced. Of the flowers on tlie short-styled 
plants, twelve >vere illegitimately fertilised with own- 
form jJollcUj and they yielded one capsule, including 
only 3 good seeds ; twelve other flowers were legiti- 
mately fertilised with pollen from long-styled flowers, 
and these produced nine capsules, but one was bad ; 
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the ei^ht good capsnlcs oontaine<l on an average 8 
good seeds eaeh. Judging from the number of seeds 
per eupsuloj the fertility of the two iegitimate to that 
of the two ilJegitimate miions is as 100 to 20. 

The numerous flowers on the eleven long-styled 
plants iincler the net, which w ere not fertilisedj produced 
only three oajjsulesj including 8^ 4+ arul 1 good seeds. 
Whether these three capsules w ere tlie prodiiet of acci- 
dental legitimate fertilisation^ owing to the branches 
of the plants of the two forms interlocking, 1 w ill not 
pretend to decide. The single long-styled plant which 
was left uncovered, and grew" close by the uncovered 
short-styled plant, produced five good pods; but it 
was a poor and small j>lant. 

The flowers borne on the thirteen short-styled plants 
under the net, which were not fertilised^ produced 
twelve capsules, containing on an average 5'6 S£'eds. 
As some of these capsules were very fine, and as five 
were borne on one twig, I suspect that some minute 
insect had accidentally got under the net and had 
brought pollen from tlie other form to the flowei-s 
which produced tliis little group of capsules. The one 
uncovered short-styled plant which grew close to the 
uncovered long-styled plant yiehled twelve capsules. 

From these facts we have some reason to believe, as 
in the case of L. grandijlorwn, that the short-styled 
plants are in a slight degree more fertile with their 
own pollen than are the long-styled plants. Anyhow 
we have the clearest evidence, that the stigmas of each 
jbrm require for full fertility that pollen from the sta- 
mens of corresponding height belonging to the opposite 
form should be brought to theiju 

Hildebrand, in the paper lately referred to, confirms 
my results. He placed a short-styled plant in his 
house, and fertilisetl about 20 flowers with their own 
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pollen^ and about 30 with pollen from another plant 
belonging to the same form, and these 50 flowers did 
not set a single eapaule. On the otlier hand he ferti- 
lised about 30 flow^era w ith pollen from the long-atylcd 
form, and these, wdth the exception of two, yielded 
capsules, containing gtjod seeds. 

It is a siiignlar fact, in contrast with what occurred 
in the case of L, grandijlorunif that the pollen-grains of 
both forms of L. perenne^ when placed on their own- 
form stigm.is, emitted their tubes, though this action 
did not lead to the production of seeds. After an 
interval of eighteen liours, the tubes penetrated the 
stigmatic tissue, but to what depth I did not ascertain. 
In this case the impotence of the pollen-grains on their 
own stigmas must have been due either to the tubes 
not reaching the ovules, or to their not acting pro- 
perly after reaching them. 

The plants both of L. and grandifiormn grew, 

as already stated, with their branches interlocked, and 
with scores of flowers of the two forms close together ; 
they were covered by a rather coarse net, through which 
the wind, when high, passed ; and such minute insects 
as Thrips could not, of course, be excluded ; yet we have 
seen that the utmost possible amount of accidental fer- 
tilisation on seventeen long-styled plants in the one 
case, and on eleven long-styled plants in the other, 
resulted in the production, in each case, of three 
]ioor cajjsules ; ao that when the proper insects are 
excluded, the wind does hardly anything in the w ay of 
carrying pollen from plant to plant. I allude to this 
fat!t because botanists, in speaking of the feitilisation 
of various flowers, often refer to the wind or to insects 
as if the alternative were indifferent. This view, ac- 
cording to my experience, is entirely erroneous. When 
the wind is the agent in carrying pollen, either from 
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one ses to the other, or from hermaphrodite to horma^ 
phrodite, we can recognise structure as manifestly ad- 
apted to ita action as to that of insects when these are 
the carriers. We sec adaptation to the wind in the in- 
coherence of the pollen,- — in tlie inordinate quantity 
produced (as in tjio Coniferre, Spin age, &c,),^ — in the 
dangling anthers well fitted to shake out the pollen, — 
ill the absence or small size of the perianth, — in the 
protrusion of the stigmas at the period of fertilisation, 
— in the flowers being produced before they are hidden 
by the leaves,— and in the stigmas being downy or 
plumose (as in the Grainiiiem, Docks, &c*}, so as to 
secure the chance-blown grains. In plants which are 
fertilised by the wand, the flowers do not secrete nectar, 
their pollen is too incoherent to be easily coileetpd by 
insects, they have not bright-coloured corollas to seiwe 
as guides, and they are not, as far as I have seen, 
visited hv insects. When insects are the agents of fer- 
tilisiltion (and this is incomparably the more frequent 
case with hermaphrodite plants), the wind plays no 
part, but we see an endless number of adaptations to 
ensure the safe transptud of the pollen by the living 
workers. These adaptations are most easily recognised 
in irregular flowers : but they are present in regular 
flowers, of which those of Linum offer a good instance, 
as I will now' endeavour to show. 

1 have already alluded to the rotation of each sepa- 
rate stigma in the long-styled form of Lmum perenne. 
In both forms of the other heterostyled species and in 
” st j led. species of Linum which I have seen, 
the stigma tic surfaces face the centre of the flower, 
with the iurrewed backs of the stigmas, to wluch the 
styles are attached, facing outwards. This is the case 
with the stigmas of the long-styled flowei-s of L. 
whilst in bud. But by the time the ilowers 
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have expanded, the five stigmas twist roimd ao as to 
face the ciTciimfcrencej owing to the torsion of that 
part of the style which lies beneath the stigmiu 1 
should state that the five stigmas do not always turn 
round completely, two or three sometimes facing 
only obliquely outwards. My observation a were made 
during October ; and it is not improbable that earlier 
in the season the torsion would have been more com* 
plete ; for after two or three cold and wet days the 
movement was very imperfectly performed. The 
flowers should be examined shortly after their ex- 
pansion, as their duration is brief; as soon as they 
begin to wither, the styles become spirally twisted 
all together, the original position of the parts being 
thus lost. 

He who will compare the structure of the whole 
flower in both forms of L. permne and ^randijlorumf 
and, as I may add, of L. Jlavumf will not doubt about 
the meaning of this torsion of the styles in the one 
form alone of L. perenne^ as well as the meaning of 
the divergence of the stigmas in the short^styled 
form of all three species. It is absolutely necessary, 
as we know, that insects should carry pollen from 
the flowers of the one form reciprocally to those of 
the other. Insects are attracted by five drops of 
nectar, secreted exteriorly at the base of the stamens, 
so that to reach these drops they must insert their 
proboscides outside the ring of broad filaments, be- 
tween them and the petals. In tlie short-styled form 
of the above three species, the stigmtis face the axis of 
the flower; and had the styles retained their original 
upright and central position, net only would the stig- 
mas have presented their backs to the insects which 
sucked the flowers, but their front and fertile surfaces 
would have been separated from the entering insects 
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Ijv the ring of hroad iilameuta, an<l would never have 
received any poUein As it isj the styles diverge 
and pass out between the tilamerifs. After this move- 
ment the short stigmas lie within the tulj»e of the 
corolla; and their papillous surfaces licing now turned 
upwards are necessarily brushed by every entering 
insect, and thus receive the required pollen. 

In the long-styled form of L. (jfrandtjloynmf the 
almost parallel or slightly diverging anthers and 
stigmas project a little above the tube of the somewhat 
concave flower ; and they stand directly over the open 
space leading to the drops of nectar. Consequently 
when insects visit the llowers of either form (lor the 
Etamens in this species occupy the same position in 
both forms), they will get their foreheads or prol^oscides 
well dusted with the coherent pollen. As soon as they 
visit the flowers of the long-styled form they wdll 
necessarily leave pollen on the proper surface of the 
elongated stigmas ; and when they visit the short- 
styled flowers, they will leave pollen on the upturned 
stigma tic surfaces. Thus the stigmas of both forms 
will receive iudilTerently the pollen of both forms ; 
but we know that the pollen alone of the opposite form 
causes fertilisation. 

In the case of L. ^eretme^ affairs are arranged more 
perfectly ; for the stamens in the two forms stand at 
different iieights, so that pollen from the anthers of 
the longer stamens will adhere to one part of an 
iasect^s body, and will afterwards be hiiishcd off by 
the rough stigmas of the longer pistils; whilst |>ollen 
from the anthers of tho shorter sk:uuens will adhere to 
a different part of the insect's body, and will afterwards 
be bmslied oft by the stigmas of the shorter pistils ; 
and this is what ia required for the legitimate fertilisa- 
tion of both forms. The corolla of L. pereiim is more 
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expanded than that of L. grandiflorum^ and the stigmas 
of the 3ong-styled form do not diverge greatly from 
one another; nor do the stamens of either form. 
Hence insects, especially rather small ones, will not 
insert their proboscides between the stigmas of the 
long-styled form, nor between the anthers of either 
form (Fig. 5), but will strike against them, at nearly 
right angles^ with the backs of their head or thorax, 
Hotiv, in the long- styled flowers, if each stigma did 



ioncf-fitylcd form of L, peeekNe, var. in its early coitdiiioti 



not rotate on its axis, insects in visiting them would 
strike their heads against the hacks of the stigmas ; as 
it is, they strike against that surface which is covered 



* I neglected to got dra wings from published ougraTinp. Jlie 

ruade from fresh flowers of the two well-known skill ensuros aceutacy 
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^vith papillffij with their heads already charged with 
pollen from the stamens of corresponding height 
borne by the flowers of the other form, and legitimate 
fertilisation is thus ensured. 

Thus we can understand t)ie meaning of the torsion 
of the styles in the long-styled flowers alone, as well 
as their divecgenco in the short-styled flowers. 

One other point is w orth notice. In botanical workxS 
many flowers are said to be fertilise<l in the hud. This 
statement generally rests, as far as I can discover, on 
the anthers opening in the bud ; no evidence being 
adduced tliat the stigma is at this period mature, or 
that it is not subsequently acted on by pollen brought 
from other flowers. In the case of Cejplialimth^a 
grandifiora I have shown* that precocious and partial 
self-fertilisation, with subsequent full fertilisation, is 
the regular course of events. The belief that the 
flowers of many plants are fertilised in the bud, that 
is, are perpetually self-fertilised, is a most effectual bar 
to understanding their real structure. I am, how'ever, 
far from wishing to assert that some flowers, during 
certain seasons, are not fertilised in the bud; for I 
have reason to believe that this is the case. A good 
observer,! resting his belief on 'the usual kind of 
evidence, states that in lAmmi Austrifisum (which is 
heteroBtylcd, and is considered by Planchoii as a variety 
of L. fermme) the anthers open the evening before 
the expansion of the fl owners, and that the stigmas are 
then almost always feTtiliscd. Now w'e know positively 
that, so tar from hmwm being fertilised by its 

own jK>llen in the hud, its own pollen is as powerless 
on the stigma as so much inorganic dust. 

hmum jlaviim.~-The pistil of the long-styled form 

• ^PertilsBatioa of Orchids,’ f ‘ Etudes eur la G^gr. Dot’ 

p. 108-— 2iid edit. 1877* p. St. H. Lecoq, 185G, tona. V. p- 325. 
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of this species is nearly twice as lonf^ as that of 
the short-styled; the stigmas are longer and the 
pa])illffi coaraer. In the short- sty led form the stigmas 
diverge and pass out between the filaments, as in the 
previous species. The stamens in the two forms dlfler 
in length ; and, what is singular, the anthers of the 
longer stumens are not so long as those of the other 
form ; so that in the short-styled form both the stigmas 
and the anthers are shorter than in the long-styled 
form. The polieu-graina of the two forms do not diher 
in size. As this species is propagated by cuttings, 
generally all the plants in the same garden belong to 
the same form, I have inquired, but have never keard 
of its seeding in this country. Certainly my own plants 
never produced a single seed as long as I possessed 
only one of the tw<) forms. After considerable search 
I procured both forms, but from w'ant of time only a few^ 
experiments were made* Two plants of the two forms 
were planted some way apart in my garden, and were 
not oovered by nets. Three flowers on the long-styled 
plant were legitimately fertilised with pollen from the 
short- styled plant, and one of them sot a fine capsule. 
No other capsules were prod need by this plant. Three 
flowers on the short-styled plant were legitimately 
fertilised with jxillen from the Ion g*st vied, and all 
three prodnoetl capsules, containing respectively no 
leas than 8, 9, and 10 seeds. Three other flowers on 
this plant, wbich had not been artificially fertilised, 
prtiduced capsules containing 5, 1, and 5 seeds ; and 
it is quite possible that poHen may have been 
brought to them by insects from the long-styled plant 
growing in the same garden. Nevertheless as they 
did not yield half the number of seeds eonipared 
with the other flowers on the same plant which liad 
been artificially and legitimately fertilised, and as the 

H 2 
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short-styled plants of the two previous species appa- 
rently evince some slight capacity for fertilisation with 
their oivn-form pollen, these three capsules nmy hove 
been the product of self-fertilisation. 

Besides the three species now dcscrihcd, the yellow- 
flowered L, eorijmbifrrnm is certainly Jieterostyled, 
as is, according to Planchon,* L, sahohideB. This 
botanist is the only one who seems to have inferred 
that heterostylism might have some important func- 
tional bearing* Dr. Alefeld, who has made a special 
study of the genus, saysf that about half of the sixty- 
five species known to him are heterostyled. This is 
the case with L. trigymim, which differs so much from 
the other species that it has been formed by him into 
a distinct genus.f According to the same author, 
noTie of the species which inhabit America and the 
Cape of Good Hope are hetexostyled. 

I have examined only three homostyled species, 
namely, L, mitatmimmi, ayigmtifolium, and cath<irti^ 
cum, I raised 111 plants of a variety of the first-named 
species, and these, when protected under a net, all 
produced ]jlenty of seed, The flowers, according to 
II. !Muller,§ are frequented by l>ees and moths. With 
respect to L. ^atharticunif the same author shows that 
the flowers are so constructed that they can freely 
fertilise themselves; but if visited by insects they 
might be cross-fertilised. He lias, how ever, only once 
seen the flowers thus visited during the day ; but it 



* Hooktr’fl 'Ijcmdon Jdumal df 
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may be suspected that they are frequented during^ 
the niglit by small moths for the sake of the fiv^e 
minute drops of uectar secreted. Lastly, L. LfAtAdi 
is said by Plauchon to bear on the same plant llowers 
with stamens and pistils of the same height, and 
others with the pistils either longer or shorter than 
the stamens. This case formerly appeared to me an 
extraordinary one ; but I am now inclined to believe 
that it is one merely of great variability,* 



PuLatOKARIA (liORAGlNEiE). 

Pulmonaria o^iimlis^ — Hildebrand has published f 
a full account of this heterostyled plant. The pistil 
of the long- styled form is twice as long as that of the 
short-styled ; and the stamens differ in a corresponding, 
though converse, manner* There is no marked dif- 
ference in the shape or state of surface of the stigma 
in the two forms. The polleu-graina of the short- 
styled form arc to those of the long-styled as 9 to 7, 
or as 100 to 78, in length, and as 7 to 6 in breadth. 
They do not differ in the appearance of their contents. 
The corolla of the one form differs in shape from that 
of the other in nearly the same manner as in Primula; 
but besides this difference the flowers of the short- 
styled are generally the larger of the two. Hilde- 
brand collected on the Siehengebirge, ten wild long- 
stylctl and ten short^styled plants. The former hore 
289 flowers, of which 186 (i.e. 64 per cent.) had set 
fruit, yielding 1'88 seed per fruit. The ten short- 
styled plants bore 373 flowers, of which 262 (i.e* 

* Planotion, in Hookftr^a ^ Lon- of Science/ toI. sxivL Sept. ISSJ, 
don Journnl of Botany/ Vt>l. p. 284. 

vii. p. 175. See on this subject t * Bot. Zeitnng/ l865^Jan.l3, 
Asa Gray, in ‘ Ataerican Joiunal p* 13. 
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TO per cent.) hnd sot fniltj yielding 186 seed per 
fruit, So that the short-styled plants proEluced many 
more flowers, and these set a rather larger proportion 
of fruit, but the fruits themselves yielded a slightly 
lower average number of seeds than did the long- 
sty led plants. The results of Hildebrand*? experiments 
on the fertility of tho two forms are given in the fol- 
lowing table : 



Tae^le 19. 



rvlmmiaria o^icinalw 



Nature of Union, 


Number 

or 

Flowem 

fertiiisod. 


NlimlK'r 
of Fruits 
produced. 


1 Average 
Niunter 
ijf Scedfl 
per Frail, 


Lonj^-atylod flowers, by pollen of abort-l 
stjled. Legitimate uuioti « . » *} 


u 


10 


1-30 


Long-sty le<l flows I'm, 14 by own-pollAti, 1 
and IG by pollen o f other plant of same ^ 
form. Illegitimate union . 1 , * . ) 


SO 


1 

0 


0 


Short -flty lei Howera, by pollen of locig-'fc 
styled. Li&gLtiniate noion . . . ./ 


IG 


14 


1’57 


Short-^tylei flowers, 11 by own pollen J 
14 by pollen of other plant of same[ 
farm. Illegitimate union . * . , I 


25 


0 


0 



In the summer of 1864, before I liad heard of Hilde- 
brand's experiments, I noticed some long-styled plants 
of this species (named for me by Dr. Hooker) groAving 
by themselves in a garden in Surrey ; and to my 
surprise about half the floAvers had set fruit, several 
of which contained 2, and one contained oven 3 seeds. 
These seeds A^ere soavii in my garden and eleven 
seedlings thus raised, all of A\hich proved long-sty led, 
in accordance with the usual rule in such cases. Two 
years afterwards the plants were left uncovered, no 
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other plant of the same genus growing in my garden, 
and the dowers were visited by many bees. They set 
an abuiLdanee uf seeds : for instance, I gathered from a 
single plant rather less than half of the seeds which it 
had produced, and they numbered 47. Therefore this 
illegitimately fertilised plant must have produced about 
100 seeds ; that is, thrice as many as one of the wild 
long-styled plants collected on the Siehengehirge Ity 
Hildebrand, and Avhich, no doubt, had been legitimately 
fertilised. In the following year one of my plants 
was covered by a net, and even under these un- 
favourable conditions it produced spontaneously a 
few seeds. It should be observed that as the flowers 
stand either almost horizontally or bang considerably 
downw^ards, pollen from the short stamens would be 
likely to fall on the stigma. We thus see that the 
Englisli long-styled plants when illegitimately ferti- 
lised were highly fertile, whilst the German plants 
similarly treated by Hildebrand were completely 
sterile. How to account for this wide discordance in 
our results I know not. Hildebrand cultivated his 
plants in pots and kept them for a time in the house, 
whilst mine were growm out of doors; and he thinks 
that this difference of treatment may have caused 
the difference in our results. But this does not appear 
to me nearly a sufficient cause, although his plants 
were slightly less productive than the Avild ones growing 
on the 8iebengebirge, My plants exhibited no ten- 
dency to become eq;ial-stylcd, so as to lose their proper 
long-styled character, as not rarely happens under 
cultivation with several heterostyied species of Pri- 
mula ; but it w^ould ajjpear that they ha^l been greatly 
affected in function, either by long-continued cultiva- 
tion or by some other cause. We shall see in a 
future chapter that heterostyied plants illegitimately 
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fertilised during ^Teral aiiceessive generations some- 
times become more self-fertile ; and this may have 
been the case ivith my stock of the present species 
of Pnlmonaria^ but in this case wo must assume 
that the long-styled plants were at first sufficiently 
fertile to yield some seed, instead of being absolutely 
self-sterile like the German plants. 

F%ihnonaria angmitfoUa. — Seedlings of this plant, 
raised from plants growing wild in the Isle of Wight, 
were named for mo by Dr. Hooker. It is so closely 
allied to the last species, differing chiefly in the shape 
and spotting of the leayes, that the two have been con- 
sidered by several eminent botanists ^for instance, 
Bentham — as mere varieties. But, as we shall presently 
sec, good evidence can be assigned for ranking them 
as distinct. Owing to the doubts on this bead, I tried 
whether the two would mutually fertilise one another. 
Twelve short-sty led flowers of P. angustifolm were 
legitimately fertilised with pjollen from long-styled 
plants of P. officinalis (whieh, as wo have just seen, are 
moderately self-fertile), but they did not produce a 
single fruit. Thirty- six long-styled flowers of P 
angustifoUa were also illegitimately fertilised during 
two seasons wath pollen from the long-styled P. 
offici7iaUsj but all these flowers dropped off iinim- 
j:»regnated. Had the plants been mere varieties of 
the same species these illegitimate crosses would 
probably have yielded some seeds, judging from my 
success in illegitimately fertilising the long-styled 
flowers of P. officinalis; and the twelve legitimate 
crosses, instead of yielding no fruit, wonld almost 
certainly have yielded a considerable number, namely, 
about nine, judging from the results given in the fol- 
low ing table (20). Therefore P, officinalis and angusti- 
folia apj>ear to be good and distinot species, in 
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cojiformity witli otlier important fimctional differenees 
between them, immediately to be described. 

The long-styled and short- styled flowers of F. 
tifolia difier from one another in structure in nearly 
the same manneT as those of P. officinalh. Tint in the 
accompanying figure a slight bulging of the corolla 



Fig. 6. 




Long-styled form. Short-styled form. 

PDLMOi'ARIA ASGUSTI FOLIA. 



in the long-styled foim^ where the anthers are seated, 
has been overlooked. My son William, who examined 
a large numher of wild plants in the Isle of Wight, 
observed that the corolla, thengh variable in size, w^as 
generally larger in tho long-styled flowers than in the 
short-styled ; and certainly the largest corollas of all 
were found on the long-styled plants, and the smallest 
on the short-styled. Exactly the reverse occurs, ac* 
cording to Hildebrand, with P. oficinalis. Both tho 
pistils and stamens of P. <xngusiifoltQ, vary much in 
length ; so that in the short-styled form the distance 
between the stigma and the anthers varied from 119 
to 65 divisions of tho micrometer, and in the long- 
styled form 115 to 112, From an average of seven 
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measurements of caeti form the distance betv^con these 
organs in the long- sty led is to the same distance in 
the short-styled form as 100 to G9 ; so that the stigma 
in the one form does not stand on a level with the 
anthers in tlie other. The long-styled jiistil is some- 
times thrice as long as that of the short-styled ; but 
from an average of ten ineasnrements of both, its 
length to tliat of the short-styled was as 100 to 5G. 
1'he stigma varies in being more or less, though 
slightly, lobed. The anthers also vary much in 
length in both forms, but. in a greater degree in the 
long-styled than in the short-styled form ; many in 
the former being from SO to and in the latter 
from 80 to 70 divisions of the micrometer in length. 
From an average of seven measurements, the short- 
styled anthers were to those from the long-styled as 
100 to 9i in length, Lastly, the pollen-grains from 
the long-styled hewers varied between 18 and 11 '5 
divisions of the micrometer, and those from the short- 
styled Ix^tween 15 and 13. The average diameter of 
25 grains from the latter, or sbort-styied form, was 
to that of 20* grains from the long-stvled as 100 to 
9L W e see, therefore, that the pollen- grains from 
the smaller anthers of tlie shorter stamens in the long- 
styled form are, as usual, of smaller size than those 
in the other form. But what is remarkable, a larger 
proportion of the grains were small, shrivelled, and 
worthless. This could be seen by merely comparing 
the contents of the anthers from several distinct plants 
of each form. But in one instance my son found, by 
counting, that out of 193 grains from a long-st.yded 
flower, 53 were Wd, or 27 per cent. ; whilst out of 
265 grains from a short-styled flower only 18 were 
bad, or ( per cent From the condition of the pollen 
ill the long-styled form, and from the extreme vtiria- 



Darwin Online: courte 








Crap. III. 



^l:^-:^^0NAI^rA axgxjstifotja. 



un 

bility of all tho organs in both forms, we may perhaps 
suspect that the plant is undergoing a change^ and 
tending to become ditecious. 

■My son collected in the Isle of Wight on two occa- 
sions 202 plants, of which 125 were long-styled ami 
77 short-stvled ; so that the former were tho more 
numerous. On the other hand, out of 18 plants raised 
by me from seed, only 4 were long-styled and 14 
short-styled. The short-styled plants seemed to my 
son to produce a greater n^imber of flowers than the 
long--styled ; and he came to this ctmclusion before a 
similar statement had been published by Hildebrand 
with respect to F. officiualh^ My son gathered ten 
branches from ten different jdants of both forms, and 
found the number of flowers of the two forms to be as 
100 to 89, 190 being short-styled and 169 long-styled. 
With P. o^inalis the difference, according to Hilde- 
brand, is even greater, namely, as 100 flowers for the 
short-styled to 77 for the long-styled plants. The 
following table shows the results of my experi- 
ments : — 

Table 20. 



Pulmonariit anffustifolia^ 



Nature of Unlou. 


Number 

of 

Flowers 

fertilised. 


Noiubor 

of 

Fruits 

pToiiuced. 


Average 
Number of 
Seed? 
per Frujt, 


Long-styled flo'ft'ers, tj pollen of short-) 
styled. Legitimate uuitm . . - ■) 


le 


9 


211 


Long-styled flowers, by own-ferm pollen.) 
Illegitiinaie uniem ..... .J 


18 


0 


0 


Short-styled flow el's, by pollen of long-) 
styled. Legitimate ■union . , » ■/ 


18 


lb 


2 ‘GO 


Short-^ityled flowers, by own-form pollen.) 
lUegitimatc union 


12 


‘7 


1-86 
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We see in this taLle that the fertility of the two 
legitimate unions to that of the two iHegitimate 
together is as 100 to 35, judged by the proportion of 
flowers which produced fruit : and as 100 to 32, judged 
by the average number of seeds per fruit. But the 
small number of fruit yielded by the 18 long-stvled 
flow'OTs in the first line wm probably aceideutalj and 
if so, the difierenoe in the proportion of legitimately 
and illegitimately fertilised dowers which yield fruit is 
really greater than that represented by the mtio of 
100 to 35. The 18 long- styled iiowers illegitimately 
fertilised yielded no seedsj — not even a vestige of one. 
Two loug-styled plants w'hich were placed under a net 
produced 138 iiowers, besides those which were arth 
ficially fertilised, and none of these set any fruit ; nor 
did some plants of the same form which were pro- 
tected during the next summer. Two other long- 
styled plants were loft uncovered (all the short-styled 
plants having been previously eovered up), and 
humble-bees, which had their foreheads w^hite with 
p<dlen, incessantly visited the flowers, so that their 
stigmas must have received an abundance of pollen, 
yet these flowers did not produce a single fruit. We 
may therefore conclude that the long-styled plants 
are absolutely barren witli their own-form pollen, 
though bruuglit from a distinct plant, in this re- 
spect they differ greatly from the long-styled English 
plants of P, which werrj found by me to 

be moderately self-fertile; but they agree in their 
behaviour ivith the German plants of P. oftcinuUs 
experimented on by Hildebrand. 

Eighteen short-styled flowers legitimately fertilised 
yielded, as may he seen in Table 20, 15 fruits, each 
having on an average 2 * 6 seeds. Four of these fruits 
contained the highest possible number of seeds, namely 
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4j and four otlier fmits contained each 3 aee(3s. The 
32 illegitimately fertilised short-styled flowers yielded 
7 fruitSj including on an ayerage 1 * S6 seeds ; and one 
of these fruits contained the maximum number of 
4 seeds. This result is very surprising in contrast 
with the absolute barrenness of the long-styled flowers 
when illcgifiniately fertilised ; and I was thus led to 
attend carefully to the degree of self-fertility of the 
short-styled plants. A plant belonging to this form and 
coyered by the net bore 28 flowers besides those which 
had been artificially fertilised, and of all these only 
tw o produced a fruit each including a single seed. This 
high degree of self-sterility no doubt depended merely 
cm the stigmas not receiving any pollen, or not a sufli- 
cient quantity, For after carefully covering all the 
long-styled plants in my garden, several short-styled 
plants w'ere left exposed to the visits of humble-bees, 
and their stigmas will thus have received plenty of 
short-styled pollen ; and now about half the flowers, 
thus illegitimately fertilised, set fruit, I judge of this 
projxirtion partly^ from estimation and partly from 
having examined three largo branches, which had borne 
31 flow ers, and these prod uee<l 10 fruits- Of the fruits 
produced 233 were collected {many being left un- 
gathcred), and these included on an. average 1^82 
seeds. No less than 10 out of the 233 fruits included 
the highest possible number of seeds, namely 4, and 
31 included 3 seeds* So we see how highly fertile 
these short-styled plants were when illegitimately fer- 
tilised with their owm-forin pollen by the aid of bees. 
The great difference in the fertility of the long and 
short-styled flowers, wAen both are illegitimately fer- 
tilised, is a unique ease, as far as I have observed with 
heterostyled plants. The lung-styled flowers when thus 
fertilised arc utterly barren, wAilst about half of the 
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short-styled ones produce capsules, and these include a 
little above two-thirds of the number of seeds yielded 
by them when legitimately fertilised. The sterility of 
the illegitimately fertilised long-styled flowers is prob- 
ably increased l>y the deteriorated condition of their 
pollen ; nevertheJess this pollen w^as higlily efficient 
when applied to the stigmas of the short-styled flowers* 
With several species of Primula the short' styled 
flowers are much more sterile than the long-styled, 
when both are illegitimately fertilised ; and it is a 
tempting view, as formerly remarked, that this greater 
sterility of the short-styled flowers is a special adapta- 
tion to check self-fertilisation, as their stigmas are 
eminently liable to receive their own pollen. This view 
is even still more tempting in the case of the long- 
styled form of Lmum ijra^tdiJlorujih On the other 
hand, with Fuhmimria au(jfmUfolia, it is evident, fn>m 
the corolla projecting obliquely upwards, that pollen 
is much move likely to fall on, or to be carried by 
insects down to the stigma of the short-styled than of 
the long-styled flowers ; yet tlie short-styled instead 
of being more sterile, as a protection against self-ferti- 
lisation, are far more fertile than the long-styled, 
when both are illegitimately fertilised* 

Puhnonuria azur^a, according to Hildebrand, is not 
heterostyled.* 

From an osaroination of dried flowers of Amsimh'a /t-pedabili$, 
sent me by Prof. Asa Gray, I formerly thought that tins plaiit, 
a memlier of the Boragineis, was hctcrostyled, The pistil 
varies to an extraordinary degree in length, Iteiug in eome 
specimens twice as long as in others, and the point of insertion 
of the stamens likewijiio varica. But on raising many plants 
from seed, I soon liecame convinoccl that the whole case was 
one of mere variability, The first-fonned flowers are apt to 
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have stamens somewhat arrested in development with very 
littlo pollen in their antliors ; and in such flowers the stigma 
projects above tbo anthers, whilst generally it stands below and 
sometimes on a level with them, I wuld detect no diffcrenco 
in the size of the ppllen-gTain or in the structure of the stigma 
in the plants which diflered most in the above respects ; and all 
of them, when protected from the access of insects* yielded 
plenty of seeds. Again, from statements made by Vaucher* and 
from a hasty inspection* I thought at first that the allied 
Andiusa ari'cnms and Echium vuJfjare were heterostjled, but soon 
^;aw my error. From information given me* I cs:amined dried 
flowers of another member of the Boragincfe* jlrnetja hkpidi»~ 
dma^ collected from several sites, and though the corolla, to- 
gether w ith the included organs, dillcrcd much in length, there 
was no sign of heterostylism. 



I^OLTGOKUaf fagoptrum (Polygostace^). 

Hildebrand has shown that this plant, the common 
Buck- wheat, is lieterostyled,* In the long-styled form 
(Fig. 7), the three stigmas project considerably above 
the eight short stamens, and stand on a level with the 
anthers of the eight long stamens in the short-styled 
form ; and so it is conversely with the stigmas and 
stamens of this latter form. I could perceive no differ- 
ence in the structure of the stigmas in the two forms. 
The pollen-grains of the short-styled form ore to those 
of the long-styled as 100 to S2 in diameter* This plant 
is therefore without doubt heterostyled* 

I experimented only in an imperfect manner on 
the relative fertility of the two forms. Short -styled 
flowers were dragged several times over two heads 
of flowers on long-styled plants, protected under a net, 
which were thus legitimately, though not fully, ferti- 
lised. They produced 22 seeds, or 11 per flower-head* 
Three flower-heads on long-styled plants received 
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pollen in the same manner from other long-styled 
plants, and were thus illegitimately fertilised. They 
produced 14 seeds, or only 4 ' 66 per flower-head 
Two flower-heads on short-styled plants received 
pollen in lihe manner from long -sty led flowers^ and 
were thus legitimately fertilised. They produced 8 
seeds, or 4 per flower-head. 



Fig. 7. 




POLYOONUM FAQOPYUt M. (From H. Mullei,) 

Four heads on short-styled plants similarly received 
pollen from other short-styled plants, and were thus 
illegitimately fertilised. They produced 9 seeds, or 
2 * 25 per flower-head. 

The result from fertilising the flower-heads in the 
above imperfect inannor cannot be fully trusted ; but 
I may state that the four legitimately fertilised flower- 
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heads yielded on an average 7 ' 50 seeds per head ; 
whereas the seven illegitimately fertilised heads 
viehled less than half the numl>er, or on an aYera^o 
only 3 2S seeds. The legitimately crossed seeds from 
tlie loncr-stylcd flowers were finer than those from the 
illegitimately fertilised flowers on the s^ime plants, in 
the ratio of 100 to 82, as shown hy the weights of an 
equal n umber. 

About a dozen plants, including both forms, wore 
protected under nets, and early in the season they pro- 
duced spontaneously hardly any seeds, though at this 
period the artificially fertilised fl owners produced an 
abundance ; hut it is a remarkable fact that later in 
the season, during Sepjtember, both forms became 
highly self-fertile. They did not, however, produce 
so many seeds as some neighbouring imcovcrcd plants 
which were visited by insects. Therefore the flowers 
of neither form when left to fertilise themselves late 
in the season w’itliout the aid of insects, are nearly so 
sterile as most other heterostyled plants, A large 
number of insects, namely 41 kinds as observed hy 
H. Muller, * visit the flowers for the sake of the eight 
drops of nectar. He infers from the structure of the 
flowers that insects would be apt to fertilise them both 
illegitimately as well as legitimately ; but he is mis- 
taken in supposing that the long-styled flowers cannot 
S]jontan.eously fertilise themselves. 

Differently to what occurs in the other genera 
hitherto noticed, Polygonum, though a very largo 
genus, contains, as far as is at present known, only a 
single heterostyled species, namely the present one, 
H, Miiller in his interesting description of several 
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other species shows that P, hhtorta is so strongly pro- 
terandrous (the anthers generally falling off before the 
stigmas arc mature) that the flowers must bo cross- 
lertiHsed by the many insects which visit them* Other 
species hear iimeh less conspicuous ilowers which se- 
crete little or no nectar, and consequently are rarely 
visited hy insects ; these are adapted for self-fertilisa- 
tion, though still capable of cross-fertilisation- Ac' 
cording to Delpiuo, the Polygonaceso are generally 
fertilised by the wind, instead of by insects as in the 
present genus* 

Leccobmia BtriiNETTiANA 

As Prof- Asa Gray has eTcpresaed his belief* that tins spedea 
anti L. acuminata, as well as some species in the allied genus 
Prymiapemmin, are dimorphic or heteroelyled, I pi’ccnred 
from Kew, through the kindness of Dr. Hooker^ two dried 
flowers of the former species, an inhabitant of the Friendly 
Islands in the Pacific. The pistil of the long-sty led form is to 
that of the short-styled as lUO to SG in Ictigth ; the stigma 
projects just above the throat of the corolla, and is surrounded 
by five anthers, the tips of which reach up almost to its ba&e ; 
and lower down, within the tubular corolla, five other and 
rather smaller authors are seated. In the short-styled form, 
the Btigma stands some w^ay down the tube of the corolla, nearly 
on a level with the lower anthers of tho other form : it differa 
remarkably from the stigma of the lung-sty kd form, in l)diig 
more impillose, and in bting longer in the ratio of 100 to 60. 
The anthers of the upper stamens in the short-stylcfl form are 
supported on free filaments, and project al;>ovo tho throat of the 
corolla, whilst the anthers of the low’Cr stamens are seated in 
tho throat on a level wnth the upper stamens of the other fomu 
The diameters of a couiiiderable number of grains from both sots 
of anthers in both forms were measured, but they did notdifkf 
in any trustworthy degree. Tho mean diameter of twcotj-two 
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jffrfliiis from the short-styled flower was to that of twenty-four 
grains from the long-sty] edt as 100 to 99. The aiitheia of 
the upi>er Rtaiocns in the short-styled form appeared to l>e 
poorly deTeloi>ed, and coiitainod a coiisiiierable Tiuinber of 
shrii^elkd grains which wore omitted in striking the above 
average- l!?ot withstanding the fact of the pollen-gmins from 
the two forms not differing in diameter iu any 'appreciable 
degree^ there can hardly l>e a doubt from the great difference in 
the two forms in the length of the pistil.^ and especially of the 
gtigma, together with its more papillose condition in the short- 
fetyled form^ that the present species is truly hetcrostylcd. This 
case resembles that of Limt-m gnmdijiorumj in which the sole 
difference l^tw'een the two forms consists in the length of the 
pistils and stigmas. From the great length of the tubular 
corolla of Leneosmia^ it is clear that the flowers are cross- 
fertilised by large Lepldoptera or by honey-sucking birdSj aii<l 
the position of the stamens in two whorls one bencatli the 
other, ivhich ia a character that 1 have not seen in any other 
heterostyled dimorphic plant, probably serves to smear the 
inserted organ thoroughly with pollen. 

Mentantuks thifoliata (Gentiapte^). 

This plant inhabits marshes r my son William gathered 2^17 
flowers from fio many distinct plants, and of these 110 wei*e 
long-styled, and 137 short^styled. The pistil of the long-styled 
form is in lengtli to that of the short-styled in the ratio of alx)ut 
3 to 2. The stigma of the former, as my .son observed, is deci- 
dedly larger than that of the short-styled; but in both forms it 
varies much in sikc. The stamens of the short-styled are almost 
double the length of those of the long-styled; so that their 
anthers stand rather above the level of the stigma of tlie long- 
styled form. The anthers also vary much in sis^e, but seem 
often to be of larger sisse in the short-styled flow^ers. ^fy son 
made wdth the camera many drawings of the poi I en -grains^ 
and those from the short-styled lloTvers were in diameter in 
nearly the ratio of 100 to 84 to those from the long-styled 
flowers. I know" nothing ahout the capacity lor fertilisation in 
the two forms; but short-styled plants, living by themselves in 
the gar[lens at Kew, have produced an abundance of capsules, 
yet the seeds have never germinated ; and this looks as if tim 
short-styled form vras sterile with its own, pollen. 
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Limnanthkmum Indtoum (Gepttane^). 

This plant ii; moDtioned l>y Mr, Th^aites in his EmiraeratiOTi 
of the Plants of Ceylon as pree^enting two forms j and he was so 
kind ^ to send me sp^imene preserTCd in spirit!?* The pistil 
of the long-styled fortn ie nearly thrice as long (i.e, as M to 5) 
as that of the short-styled, and in Tery ranch tliinner in the 
ratio of about 3 to 5. The foliaceons stigma is more expanded, 
and twice as large as that of the short-styled form. Jn the 
latter the stametis are about twice as long as those of the long- 
sty leel, and their anthers are largeT in the ratio of 100 to 70. 
The pollen -grains, after haTing been long kept in spirits, were 
of the same shape and size in both forms. The omles, accord- 
ing to Mr. Thwaitea, are equally nmnerons {yix. from 70 lo 80) 
in the two forms. 

VlLLAEBIA [sp, ?] (GestIAKE^). 

Tritz ilullcr sent me from South Brazil dried flowers ofihig 
aquatic pdant, which is closely allied to Limn anthem nm. In the 
long-atyled form the stigma stands some way above the anthcR^f 
and tVte whole pistil, together with the ovary ^ is in length to 
that of tlio short-styled form as about 3 to 2. In the latter 
form the anthera stand ahovG the stigma, and the style is very 
short and thick ; but the pistil varies a good deal in length, 
the stigma being either on a level with the tips of the sepals 
or considerably beneath them. The foliaceons stigma in 
the long-styled form is larger, with the expansions running 
farther down the style, than in the other forra^ One of the most 
remarkable differences betw^ooii the tw^o forms is that the anthers 
of the longer stamens in the short-styled flow^era arc conspicu- 
ously longer than those of the shorter stamens io the long-sty lei 
flow'crs. In the former the sub-triangular pollen-grains are 
larger ; the ratio betw'een their breaflth (measured from one 
angle to the middle of the opposite side) and that of the graina 
from the long-styicd flowers being aixmt 100 to 75. Fritz 
Miiller also informs me that the pollen of the short-styled 
flowers ha.s a bluish tint, whilst that of the long-styled is yellow. 
When wo treat of Ly thrum mlimria w e shall find a strongly 
marked contrast in the colour of the pollen in two of the forms* 
The three genera, Meiiyantlics, Limnanthcn]um,and Villarsia, 
now descriU^d, constitute a well-marked sul>tribc of the Gen- 
tiaucie. All the si>eeieB, ah far as at present known, are lictcro- 
stylcdj and all inhabit atiuatic or sub-aquatic stations* 
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rOEBYTEIA SU&PKN8A (OLEACEiE). 

Professor Asa Gray statos that the plants of this epecies grow- 
ing in the Botanic Gardens at Cambridgej U.S,,are short-styled, 
but that Slebold and Zuccarini describe the long-styled form, 
and give figures of two forms ; so that there can be little doubt, 
as he remarks, about the plant being dimorphic.* I therefore 
applied to Dr. Hooker, wlio sent tne a dried llower from Japan, 
another from China, and another from the Botanic Gardens at 
Kew. The first proved to be long-styled, and the other two 
short^styled, In the long-styled form, the pistil is in feiigfch 
to that of the short-styled as 1(X) to 3d, tha lolies of the stigma 
being a little longer (as 10 to 9), but narrower and less diver- 
gent. This last character, however, may be only a temporary 
one. There seems to be no differenoe in the papillose condition 
of the two stigmas. In tlie sbort-styled form, the stamens are 
in length to those of the long-sty fed as ICX) to fifi, but the anthers 
arc shorter in the ratio of d7 to 100; and tbis is unusual, for 
when there is any difference in size between the anthers of the 
two forme, those from the longer stamens of the sliorlr styled are 
generally the longest. The pollen-grains from the sliort-styled 
flowers are certainly larger, hut only in a slight degree, than 
tho.se from the loug-style^l, namely, 100 to 94 in diameter. 
The short-styled form whicli grows in the Gardens at Kew, has 
never there produced fruit. 

Forsyihia viridmima appears likewise to be heterostj/led ; for 
Professor Asa Gray says that although the long-styled form 
alone grows in the gardens at Cambridge, U.S., the published 
figures of this species belong to the short-styled form. 



CoHDIA [sP* ?] (COIiDIACE^). 

Fritz Muller sout me dried specimens of this shrub, which he 
believes to be heterostyled ; and I have not much doubt that 
this is the case, though the usual characteristic differcuces are 
not well pronounced in the two forms. Zjwwm grandifioTitjfi 
shows us that a plant may be heterostyled in funcGon in the 
highest degree, and yet the two forms may have stamens of 
eqyi&l length, and |X)lleii-g rains of cq^nal size. In the present 
spccica of Cordia, the stamens of both forms are of nearly equal 
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length, those of tlie short-etyled being Tathcr tlio longest ; and 
the anthers of both are seated in the uumtli of the corolla. Nor 
con Id I detect any difference in the of the pollen- grains, 
when dry or after l>ejiig Roaked in water. The stigmas of the 
long'Etylcd form stand clear above the anthers^ and the whole 
]>istil is longer than that of the short-etylcd, in about the ratio 
of 3 to 2, 

The Etigmas of tlie ehort-styled form are seated beneath the 
anthers, end they are conpidcrably shorter than those of ths 
long-styled form. This latter differenco is the most important 
ono of any lietween the two forms. 

GiLlA (fPOMOi’SIS) PULCHELLA YEL AaOltEOATA (POLEMOSI- 

ACEAi), 

Professor Asa Gray reTnarks with respect to this plant : ** the 
tendency to dimorphism, of which there are traces, or perhaps 
rather incipient nianifestations in Yarions portions of the genus, 
is most marked in G. aggre^uta.^'* He sent me some dried 
flowers, and I procured others from Kew. They differ greatly 
in size, some fjoiug nearly twice s£ long as others (viz. ae 30 to 
IT), EO that it was notpossitde to conn>are, except by calculation, 
the abpolnte length of the organs from different plants, More- 
over, the relative position of the stigmas and anthers is variable : 
in some long-sfyletl flowers the stigmas and anthers were ei- 
serted only just beyond the throat of the corolla: whilst in 
others they were exserted as much as of an inch. I suspect 
also that the pistil goes on growing fijr some time after the 
anthera have dehiscetL Nevertlielesa it is possihle to class the 
flowers under tw^o forms. In some of tlie long-styled, the length 
of pistil to that of the short-styled was as 100 to B2; but thia 
result was gained by reducing the size of the corollas to tho 
same scale, in another pair of flowers the differonee in length 
lietween the pistils of the two forms Wcas certainly greater, but 
they were not actually loeasnred* In the short-sty] dl flower?, 
whetlicr largo or small, the stigma is seated low dow n within 
tho tube of the corolla. The papillaj on the long-styled stigma 
are longer than those on the short-atyled, in the ratio of 106 to 
40. I lie filaments in some of tho Ehort-styled flowers were, to 
those of the long-Btyled, as ICO to 25 in length, the free, or 
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luifttiached portion lieing alone measured j but tliis ratio eaii' 
not bo trusted, owing to the great variability of the etamens. 
The mean diameter of eleven pollen-grains from long-styled 
flowers, and of twelve from the sbort-styled, was exactly the 
same. It follows from these several statements, that the dif- 
ference in length and state of surface of the stigmas in the 
flowers is the solo reliable evidence that this species ie hetcro- 
Btyled; for it W’ould bo rash to trust to the dilferoDce in the 
Jength of the pistils, seeing how variable they are. I should 
have loft the case altogether doubtful, had it not boon for the 
oljservations on the following species; and these leave little 
doubt on my mind that tlie i>rcBcnt plant is truly heterostyled* 
Professor Gray informs me that in another species, G* ^trorn&pi^ 
fofiaj belonging to the same section of the genus, he can seo no 
sign of dimorphism. 

Gilia (LErrostPHOK) miokantha. 

A few flowers sent me from Kew' had been somewhat injured, 
eo that I cannot say anything positively with respect to the 
position and relative length of the organs in the two forma 
But their stigmas differed almost exactly in the same manner as 
in the lost species; the iiapillm on the long-styled stigma Ixiiug 
longer than those on the short-styled, in the ratio of 100 to 4i2. 
Jly son meaflured nine pollen-grains from the long-styled, and 
the same number from the short-styled form ; and the mean 
diameter of the former was to that of the latter as 100 to 81. 
Considering this difference, as well as that between the stigmafl 
of the two forms, there can be no doubt tliat this species 1 b 
I iotorostyled. So probably is Gilux nudioaM/iis, which likewdse 
l)elong6 to t!ie Leptosiphon section of the genus, fori henT from 
Professor Asa Gray that in some individuals the style is very 
long, with the stigma more or less ciserted, whilst in otlmrs it 
is deeply included within the tube; the anthere being always 
seated in the throat of the corolla. 

Phlox subulata (Polemoniaceae), 

Professor Awi Gray informs me that the greater number of 
the species in this genus have a long pistil, with the stigma 
more or less exserted ; whilst several other species, especially the 
annuals, have a short pistil seated low down within the tube of 
the corolla. In all the species the anthers are arranged one 
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I»dow the other, the nppeitnost just protmding from the throat 
of the corolla* lo J^hlox sfihulat^i- alone he has ** seeti both long 
and short stylea ; and here the fihort-styled plant has (irTeB]>ec- 
tive of this character) been described as a distinct spedea {/h 
Nfntzit), and is opt to hare a pair of oirulcs in each 
cell, while the long-styled I\ mhu?ata rarely shows more tlian 
one/** Some dried flowers of both forms were sent me by him^ 
and I rcceitcd others from Kew* but I hare failed to make 
out whether the species is hetcrostylod. In two flowers of 
nearly cqnal size, the pistil of the long-styled form was twice as 
long as that of the short-styled ; but in other cases the differ- 
ence Was not nearly so great. The stigma of the long-styled 
pi.stil stands nearly in the throat of the corolla; whilst in the 
short-styled it is placed low down — aometimeB Tery low down 
in the tnl>ej, for it varies greatly in position. The stigma is 
more papillose, and of greater length (in one instance in the 
ratio of lOO to 67), in the Bhort-styled flowers than in tlie 
long-styled. My son measured twenty pollen-grains from a 
ahort-styled flower, and nine from a long-styled, and the 
former wore in diameter to the latter as 100 to 93 ■ and this 
difference accords with the belief that tlie plant is hetero- 
atyled. But the grains from the shoTt- styled varied much in 
diameter. He nifterwards measured ten grains from a distinct 
long-fityled flowerjand ton from another plant of the same form, 
and these grains differed in diameter in the mtio of 100 to 90* 
The mean diameter of these two lota of twenty gnvins was to 
that of twelve grains from another sliort-styled flower as 100 to 
75 : liero, then, the grains from the short-styled form W'ere con- 
siderably smaller than those from the long-stylwl, which is the 
reverse of what ocemTed in the former instance, and of what is 
the general rule with heterostyled plants. The whole cai?^ is 
perplexing in the highest degree, and will n^'t lie understood 
until experiments are tried on living |)lants. The greater length 
and more papillose condition of the stigma in the short-styled 
than in the long-styled flowx^rs, looks as if the plant was hetero- 
styled ; for WG know that with some species — for instance, Leu- 
cosmia and certain EubiticefD — the stigma is longer and more 
papillose in the short-styled form, though the reverse of this 
holds good in Gilia, a n]eml>er of the same family with Phlox* 
The aimilat position of the anthers in the two forma is aome- 

^ * Ptoc. American Acad, cf Arts and SGionoea," June 14, p- 243. 




1 



Chap- III. 



J^RYTHIJOXYLXJM. 



121 



what opposed to the pteBent species being hot erogtyled; as ig 
the great difference in the lengtli of the pistil in sevetul short- 
styled flowers. But the eKtraordinaTy var f ability in diameter of 
the pollen-grains, and the fact that in one sot of flowers tho 
grains from the long-styled flowers wore larger than those from 
the short-sty led, is strongly opf.Mjsed to the belief that Phhx 
subulata is heterostyled. Possibly this species wins once hetero- 
sty led, but is now becoming sub-diceciouR ; the short-styled 
plants having l>een rendered more feminine in nature. This 
would account for their ovaries usually containing more ovules, 
and for the variable condition of their |)ollen-grains. Whether 
the loug-styleil plants are now changing their nature, as would 
appear to be the case from the variability of their pollen-grain r, 
and are l>ecoming more maRculine, I will not pretend to con- 
jecture ,■ they might r^imain as hermaphrodite?, for the co- 
existence of hermaphrodite and female plants of the same 
si>ecies is by no means a rare event. 



Ektthhoxylum [bp. ?] (Euvthuoxtlid^). 

Frit 25 Miiller sent me from South Brai^il dried flowers of this 
tree, together with the accompanying drawings, which show the 
two forms, magnified about five times, with the petals removed 



Fig. 8. 





Lobg-£tyled foriu. 

From a sketch hy Frits Miill&r, magnifieJ five times. 
Earn liioxy LON [sp. ?]. 
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In the long-styled form tlie stigmiis project aboTS the antherf?, 
and the etylea are nearly twice as long as tha>5e of the eliart- 
stykd form^ in -wliieh the stigmas stand beneath the anthers. 
The stigmas in many^ but notin all the short-styled flowers, are 
larger than those in the long-sly led. The anthers of the abort- 
styled flowers stand on a level with the stigmas of the other 
form ; but the stamens are longer by only one-fourth or one-iiftti 
of their own length than tlioseof the long-styled. Consequently 
the anthei-s of the latter do not stand on a level with* but rather 
al>oTO the stigmafl of the other form. Differently from what 
occurs in the follow ing closely allied genus, Sethia, the staraetis 
are of nearly equal length in the ilow^ers of the same form* The 
pollen-grains of the short-styled flowers, measured in their dry 
state, are ii little larger than those from the long-styled flow'ors 
in al’Kiut the ratio of 100 to 9 h3.* 

Sethi A acuminata (EaiTUito xTLiD^ ). 

Mr. Tlnvaites pointed out several years agof that this plant 
exists under two formSt which he desiguated as forma Atylosa et 
siamirfca ; and tlie flowers sent to me by him are dearly hetero- 
fityled. In the long-styled form the pistil is nearly twice as 
longhand the Htamens half as long as the corresponding organs 
in the ahort-styled form. The stigmas of the long-styled Beem 
rather smaller than those of the short-styled. All the stamens 
in the short-sty led flow-ers are of nearly equal length, wherenfl 
in long-styled they differ in length, being alternately a little 
longer and shorter; and this difference in the s>tamens of tho 
two forms is prolmhly related, as ive shall hereafter see in 
the case of the sliort-styled flow'crs of Jyt/thi’um stiU&iTia^ to the 
manner in wdiich insects can hest transport pollen from the 
long-sty letl flowers to the stigmiis of the short-styled. The 
pollen-grains from the short-styled flowers, though variable in 
size, are to tho^c of the long-styled, ns far as I could make out, 
as 100 to bS in their longer diameter. Sethta is 

hctcrostylcd like ;5'. acuminata. 



* Miillpr reirtEu-ks in l>isi let- 
ter to me that tlie liowrera, of bich 
hfl eftrefully exanitmid inany gpe- 
riuteivis, arc cufion^ily vaVinble 
in the Tiuixdier of tlicir psiTiu: 
fise|tala and petals, 10 fttamena 
and 3 piatilsi uta the provaiUng 



numbiTB 5 but the sepals and petals 
often vary frnin n te 7 ; ihe sta- 
mens Fjxjtti 10 to lb and the 
from S to 4. 

t * E I kuinem tio Plantitru m 
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CrATOXVLON rORMOSUM (Htpericike^)* 

Mr. Tliiselton D^’er remarks that this trce^ an inliahitaiit of 
Malaeea and appears to l>e lieterostyled** He sent me 

dried flowers^ anti the difterence between the two forms is con- 
Kpicuous. In the loiij^-stylcd form tho pistils are in length to 
those of the short-styletl as 100 to 40^ witli their globiilaT 
stigmas about twice as thick. These stand just above the numer- 
ons anthers and a little beneath the tips of the petals. In the 
short-styled foriu the anthers ]>rojcct high alKjvc tho pistils, the 
stigmas of T.vhich diverge between the three bundles of stamens, 
and stand only a little above the tips of the sepals. The 
stamens in this form are to thofse of the long-styled as 100 to 86 
in length ; and therefore they do not dilfer so much in length 
as do the pistils, Ten poUen-grains from each form were 
measured, and those fTOm the short-styled w^ere to those from 
the long-styled as 100 to 8G in diameter. This plant, tliereforej 
is in all respects a well-characterised het^rostylod species. 



jEgIPHIIA ELATA (YeRBENACEAI). 

Mr. Bentham was SO kind as to send me dried flowers of this 
species and of JtL jboth inhabitants of South America. 

The two forms differ conspiciioosly, as the deeply bifid stigma 
of tho one, and tho anthers of the other project far above the 
month of the corolla. In the long-styled form of the present 
species, the style is twice and a half as long as that of the short- 
styled. Tho divergent stigmas of the two forms do not differ 
much in length, nor as far as I could perceive in thoir papilite. 
In the long-etyled flowers the fllaments adhere to the corolla 
close up to the anthers, which are enclosed some way down 
within the tube. In the short- styled flowers the filaments are 
free above the point where the anthers are seated in the other 
form, and they pi^ject from the corolla to an equal height with 
tliat of the stigmas in the long-styled flowers. It is often 
difficult to measure with accuracy pollen-grains, which have 
long Ixien dried and then soaked in w'ater; but they here 
manifestly dift'ered greatly in size. Those from tho short-styled 
flowers were to those from tho long-styled in diameter in 



* ‘ Juurijul of BotanjV Londun, lE72j p. 
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about the ratio of 100 to 62, The two fi>rma of moIUi 
present ft lilce difference in the length of their pistils and 
stamens. 



ililorPIIILA OBDUEATA. 




Flowers of this hush were sent me from Ht. Catharinna in 
Brazil, by Fritz Miiller^ and were named for me at Kew* They 
appeared at first sight grandly heterostyled, as the stigraa of 
the long-styled form projects far out of the corolla, whilst the 
anthers arc seated halfway down within the tube; whereas in the 
short-styled form the anthers project from the eorolla and tbs 
stigma is enclosed in the tnlie at nearly the same level with the 
anthers of the other form. The pistil of the long-styled is to 
that of the short^styled as 100 to CO in length, and the stigmas, 
taken by themselvesj as lOO to 56, Nevertheless, this plant 
cannot be heterostyled. The anthers in the long-styled form 
are brown, tough, and fleshy, and less than half the length 
of those in the short-styled form, strictly as 44 to 1(K) ; and 
what is much more importaotj they were iu a rudimentary 
condition in the two flowers examined by me, and did not 
contain a single grain of pollen. In the ahort-atyled form, the 
divided stigma, which aa wo have seen is much ahortcned, 
is thicker and more fleshy than the stigma of the long-* 
styled, and is covered with small irregular piojeetions* formed 
of rather large cells. It had the appearance of having suf- 
fered from hypertrophy, and is probably incapable of fertili- 
Eiation, If this lie so the plant is dioecious, and judging from 
the two species previously described, it probably was once 
heterostyled, and has since been rendeicd dicecious hy the 
pistil in the one form, and tho stamens in the other having 
boeoiiie functionkss and reduced in size. It is, however, 
possible that the flowers may bo in the same state as those of 
the common thyme and of several other Labi atm, in which 
females and hermaphrodites regularly co-exist Fritz Miiller, 
who thought that the present plant was heterostyled, as 1 
did at first, informs me that he found bushes in several places 
growing quite isolated, and that these were completely sterile; 
whilst two plants growing close together were covered with 
fruit. This fact agrees better with the belief that the species is 
dicecious thsin that it consists of herinaphroditos and teniales; 
for if anyone of the isolated plants had been an lieriuaphroditCj. 
it would proliftbly have produced some fruit. 
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EUBIACE^l!;. 

This great natiiTal family contains a much larger 
nimiher of heterostyled genera than any other one, as 
vet known* 

wf 

Mitekdla reperts. — Prof, Asa Gray sent me several 
living plants collected when out of flower, and nearly 
half of these proved long-styled, and the other half 
short -sty led. The white flowers, wliich are fragrant 
and which secrete plenty of nectar, always grow in 
pairs with their ovaries united, so that the two together 
produce ** a berry -like douhle drupe/ In my first 
series of experiments {lSfi4) I did not suppose that 
this curious arrangement of the ilovvers would have any 
influence on their fertility ; and in several instances 
only one of the two flowers in a pair was fertilised ; 
and a large proportion or all of theso failed to produce 
berries. In the ensuing year both flowers of eacli 
pair were invariahly fertilised in the same manner ; 
and the latter experiments alone serve to show the 
jiroportion of flowers which yield berries* when legiti^ 
mately and illegitimately fertilised ; but for calcu- 
lating the average number of seeds per berry I have 
used those produced during both seasons. 

In the long-styled flowers the stigma projects just 
above the bearded throat of the corolla, and the 
anthers are seated some way down the tube* In the 
short-styled flowers these organs occupy reversed posi- 
tions. In this latter form the fresh pollen-grains are 
a little larger and more opaque than those of the long- 
styled form. The results of my experiments are given 
in the following table* 



* A. Gray, ‘ ManuEiL of the Bot. of tho N. Uuitoii Btutes,' 18^6, 
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Table 21. 

MlkhcUa rt'pe.n^i. 



Niitainf df Uulon. 


N OTTibeT of 
^ Pal IN of 
Flo'.i «rK fer- 
tilfMal duriiii^ 
till* secutul 
Season. 


S' limber o f 
Drupefl prn- 
iLuded d’uriof' 
the eecoiid ’ 
.Seusirij. 


Averipc 
Niimlier uf 
Seeds 

per Dnipe in, 
all ihs T>tn]>e? 
iltlrinj; tlK 
two Season^. 


J.nn^-stylGd flowcis, by of) 

shuit-styied. union/ 


a 


8 


i'G 


flowers, by own-fyrm1| 
poikn, illegitimate union. ./ 


8 


3 


^ 

4i 


Short-st?!ed Hoiverg, by pollen oH 
long-styled. uuunii./ 


8 


7 


4' 1 


Short^styled fln Wei's, by n wu-forin 
p<dlen. illegitimate union. .} 




0 


20 


The two legitimate unions to-1 
gothor . * . . . , . j 


17 


15 


4'4 


The twf> unions to-\ 

gether 


17 


3 


^■1 



It follows from this table that 88 per cent of the 
paired flowers of both forrna^ when legitimately fer- 
tilised, yielded double berries, nineteen of which con- 
titined on an average 4'4 seeds, with a nm:simmii in 
one of 8 seeds. Of the illegitimately fertilised paired 
flowers only 18 per eeiit yielded berries, six of wliicL 
con tinned on an average only 2'1 seeds, with a inaxi- 
inum in one of 4 seeds. Thns the two leeritiiaate 
unions are more fertile than the two illegitimate, 
according to the proportion of flowers which yielded 
berries, in tlie ratio of lOO to 20 ; and according to 
the average number of contained seeds aa 100 to 47. 

Ihrce long'^styled and three short-styled plants were 
protected nnder separate nets, and they produced alto- 
gether only 8 berries, containing on an average odIv 
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1*5 seeds, Some additional berries were produced 
which contained no seeds* The plants thus treated w ere 
therefore excessively sterile, and their slight degree of 
fertility may he attributed in part to the action of the 
many individuals of Thrips which haunted the llowers. 
Sir. rl. Scott informs me that a single plant (probably 
a long-styled one), growing in the Botanic Grardens at 
Edinburgh, which no doubt was freely visited bv in- 
sects, produced plenty of berries, Init how many of 
them contained seeds was not observed, 

Borreria, noy, sp. ^tear VALERI amides (Eudiacje.e), 

Fritz !Miiller sent me seeds of this jilant, which is 
extremely abundant in St. Catharinaj in South Brazil ; 
and ten j>Lmts w^ere raised, consisting of five long- 
styled and five short-styled. The pistil of the long* 
styled flowers projects just beyond the mouth of the 
corolla, and is thrice as long as that of the short- 
styled, and the divergent stigmas are likewise rather 
larger. Tlie anthers in the long- sty led form stand 
lo^v dow'n within the corolla, and are hidden. 

In the short-styled ilowers the anthers prfiject just 
alxive the month of the corolla, and the stigma stands 
loiv down within the tube* Considering the great 
difference in tbe length of the pistils in tlic two forms, 
it is remarkable that the pollen- grains differ very little 
in size, and Fritz Muller w^as struck with the same 
fact. In a dry state the grains from the short-styled 
flowers could just be perceived to he larger than those 
from the loDij-styled, and when both were swollen by 
immersion in water, the former were to the latter in 
diameter in the ratio of 100 to 02, In the long-styled 
11 o wars headed hairs almost fill up the mouth of the 
corolla and project abovo it ; they therefore stand 
above tbe anthers and beneath the stigma. In the 
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sbort^styled flowers a similar brush of hairs is situated 
low down within the tubular corolla, alx)ve the sti^^ma 
and beneath the anthers. The preseuce of these lieadcd 
hairs in both forms, though occupying such difiereut 
positions, shows that they are probably of considerable 
functional importance. They would serve to guard the 
stigma of each form from its owu pollen; but in 
accordance wdth I*rof. Kenier^s view* their chief use 
probably ia to prevent the copious nectar being stolen 
by small crawling insects, which could not render any 
service to the species by carrying pollen from one form 
to tlie other. 

The flowers are so small and so crowded together 
that I was not willing to expend time in fertilising 
them separately ; but I dragged repeatedly heads of 
short-styled flowers over three long-styled dower-heads, 
which were thus legitimately fertilised ; and they pro- 
duced many dozen fruits, each containing two good 
seeds. I fertilised in the same maimer three heads 
on the same long- styled plant with pollen from another 
long-styled plant, so that these were fertilised illegiti- 
mately, and they did not yield a single seed. Nor did 
tliis plant, which was of course protected by a uet, 
bear spontaneously any seeds. Nevertheless another 
long-styled plant, which was carefully protected, pro- 
duced spontaneously a very few seeds ; so that the 
long-styled form is not always quite sterile watL its 
OAvn pollen, 

Paramea [sp. ? ] (Rtjbiace^). 

Fritz lil tiller has fully described the tw o fornisof this 
remarkable plant, au inhabitant of South Biazilf In 



* *Die SckutamUtel dci BHi- 
then gegf'D nnberufene Gante/ 
p. 37. ^ 
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the long-styled form the pistil projects above the 
corolla, and is almost exactly twice as long as that of 
the short-styled, which is included within the tube. 
The former is divided into tivo rather short and broad 
stigmas, whilst the short-styled pistil is divided into 
two long, thin, sometimes much curled stigmas* The 
stamens of each form correspond in height or length 
with the pistils of the other form. The anthers of 
the short-styled form are a little larger than those 
of the long-styled ; and their pollen-grains are to 
those of the other form as 100 to 67 in diameter* 
But the pollen-grains of the tw^o forms differ in a 
much more remarkable manner, of which no other 



Fig, 2 . 




Short-styled form. Long-styled form. 

Outlines of flowers from di'ied sfiecimena. Pollen-grains, magnified ISO 

times, by Frits aiiiller* 

Fahajiea [ap*?]. 

instance is known ; those from tho short-styled dowers 
being eoveied with sharp points; the smaller ones 
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from tho long-styled being quite smooth. Fritz Miiller 
remaika that this difference between the pollcn-gmias 
of the two lorms is evidently of servlee to the plant j 
for tho grains from the projecting stamens of the short- 
styled form, if smooth, would have been liable to he 
blown away by tho wind, and would thus have been 
lost ; but the little points on their surfaces cause them 
to cohere, and at the same time favour their adhesion 
to the hairy bodies of insects, which merely brush 



against 



the anthers of these stamens whilst visiting 



the flowers. On the other hand, the smooth grains 
of the long-styled flowers are safely included within 
the tube of the corolla, so that they cannot lie blown 
aw'ay, but are almost sure to adhere to the proboscis of 
an entering insect, which is necessarily pressed close 
against the enclosed anthers. 

It may be remembered that in the long-styled form 
of Limini each separate stigma rotates on its 

own axis, when the flower is mature, so as to turn its 
papillose surface outwards. There can be no doubt 
that this movement, which is confined to the long- 
styled form, is effected in order that the proper snr* 
face of the stigma should receive pollen brought by 
insects from the other form. Now with Faramea, as 
Fritz Muller shows, it is the stamens which rotate on 
their axes in one of the two forms, namely, the short- 
styled, in order that their pollen should be brushed off 
by insects and transported to the stigmas of the other 
form. In the long-styled fl covers tlic anthers of the 
short enclosed stamens, do not rotate on their axes, 
but dehisce on their inner sides, as is tho common 
rule with the Kubiacem ; and tins is the bc'St jwsition 
lor the adherence of the pollen -grains to the proboscis 
ot an entering insect. Fritz Muller therefore infers 
that as the plant became hetcrostylcd, and as the 
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stamens of the short-styled form increased in length, 
they gradually ac^Tiired the highly beneficial power 
of rotating on their own axes. But he has further 
shown, by the careful examination of many flowers, 
that this power has not as yet been perfected ; and, 
consequently, that a certain proportion of the pollen 
is rendered useless, namely, that from the anthers 
which do not rotate properly. It thus appears that 
the development of the plant has not as yet been com- 
pleted ; the stamens have indeed acquired their proper 
length, but not their full and perfect pow er of rotation.* 
The several points of difference in structure between 
the two forms of Faramea are higJiiy remarkable. 
Until within the recent period, if any one had been 
shown two plants which diflered in a uniform manner 
in the Icngtli of their stamens and pistils, — in the 
form of their stigmas, — in the manner of dehiscence 
and slightly in the size of their anthers, — and to an 
extraordinary degree in the diameter and structure of 
their pollen-grains, he would have declared it impos- 
sible that the two could have belonged to one and the 
same species. 

SuTERiA (sp43cies Tinnaraed in tlio herbarium at Kew) 



I owe to the kindness of TritK Muller dried flowers of this 
plant from St. Catharina, in Brazil. In the long-styled form the 
stigma stands in the mouth of the corolla, above the anthers 



* Fritz Mill lor givee another cotdanctj with the nncturnal hnbitH 
iiistauoe of the want of absolute of these inweete, oiufit uf tb(3 fiowtrtj 
perfection in the flowers of another open only during the night j but 
meinbcr of the Hubiftceffi, uamcly, some in the duy^, and the 

Po 9 oqu£rfa fra^ranit^ which is tK>llen ot eucli flowers is robbed, iw 

adapted ill a luo&t w'ondci fill man- Fritz Miiller has often by 

ner for crosu-fertilisutioTi by the hiiiiiblc-beeii and other insects, 

agency of hiotlis. (Sf.'D '■Bui. w'ithout any benefit being thus 



(lirjJlACEJ?::). 



iieituDg/ iStiO* Xo. 17.) In 00- 
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whidi latter are enclosed witlnn tlio tulie^ but otily aahoH: wa]F 
down. In the short -styled form the anthere are placed in the 
mouth of the corolla alwve the stigma, which occupies the same 
position as the anthem in the other fgrm^ being seated only a 
short way down the tube, Tl^ei’efore the pistil of the long-sly led 
form does not exceed in length that of the short-sty led in 
nearly eo great a degreo as in many other Kublacese. Never^ 
theless there is a considerable difference in the size of the pollen- 
graina in the two forms; for^ as Fritz Miiller informs me, those 
of the short-styled are to those of the long-etyled as 100 to 
75 in diameter. 



BoUSTONIA CCERCLIIA (RUBIACE^). 

Prof. Asa Gray has been eo kind as to send me an abstract of 
some ohnserrations made by Dr, Eothrock on this plant. Tha 
pietil is exserted in the one form and the stamens in the 
other, as has long been observed* The stigmas of the bng- 
Ktyled form are shorter, stouter, and far more hispid than in 
the other form. The stigmatic hairs or papillae on the former 
arc *04 mm., and on the latter only *023 mm. in length. In the 
short-styled form the anthers are larger, and the pollen-grains, 
when <listended with water, arc to those from the long-styled 
form as 100 to 72 in diameter. 

Selected caiisnles from some long-styled plants growing in 
the Botanic Gardens at Cambridge, IJ.S.j near whore plants 
of the other form grow, contained on an average 13 seeds; 
but these plants must have been subjected to unfavourable 
conditions, for some long-styled plants in a state of nature 
yielded an average of 21^5 seeds per capsule* Some short-styled 
plants, which had been planted by themselves in the Botanic 
Gardens, where it was not likely that they would have been 
visited by insects that had previously visited long-styled plants, 
produced capsules, eleven of which were wholly sterile, but one 
containeil 4, and auotlier 8 seeds. So that the short-sty led 
form seems to lie very sterile with its oviiTi pollen. Prof. Asa 
Gray informs mo that the other H’orth American species of this 
genus are likewise hetcrostyloi 



Ol.DENLANEIA [sE. ?] (EuBI.ACEiE). 

^fr. J. bcott sent me from India dried flowers of a hetero* 
ylcd species of this genus, which is closely allied to the last* 
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The pistil in th^ long- styled flowers is longer by about a q^uarter 
of its length, and the stamens shorter in about the same pro- 
]x)rtioHj than the corresponding organs in the short-stj letl 
flowers. In the latter the anthers are longer^ and the divergent 
stignnis decidedly longer and apparently thinner tlian in the 
long-styled form. Owing to the state of the specimens^ I could 
not decide whether the stigmatie papillffi were longer in the 
one form than in the other. The pollen-grains^ distendetl with 
water, from the short-atyied flowers were to those from the long- 
styled as 100 to 78 in diameter, os deduced from the mean of 
ten measurements of each kind. 

Hedtotib [st. ?] (Eueiace,^). 

Fritz Mtillersent me from St.Catharinftjin Brazil^ dried flowers 
of a small delicate species, w^hieh growls on w^et sand near tho 
edges of fresh-water pools. In the long-styled form the stigma 
projects above tho corolla, and stands on a level with tho pro- 
jecting anthers of tho short-styled form ; but in the latter the 
stigmas stand rather beneath the level of the anthers in the 
other or long-styled form, these being enclosed within the tul>e 
of the corolla. The pistil of the long-styled form is nearly thrice 
as long as that of the short-styled* or, sficaking strictly, as 
100 to 30 ; and the iMipillai on the stigma of the former are 
broader, in the ratio of 4 to 3, but wdiether longer tlian those of 
tile short-sty led, I could not decide. In the short-styled form, 
the anthers are rather larger, and the pollen-grains are to those 
from the long-styled flow^ers as IQO to 88 in diameter, Fritz 
jil idler sent me a second, small-sized epecicfi, which is likewise 
heterostyled. 



CocCOCYPflELUM [sp. ?] (RrEIACEa:). 

Fritz MiiUcr also sent me dried flowers of this plant from 
St. Catharina, in Brazil. The esserted stigma of the long-styled 
form stands a little above the level of the ciserted anthers of the 
short-styled form; and the enclosed stigma of the latter also 
stands a little above the level of the endosti^l anthers in the long- 
styled form. The pistil of the long-styled is al>out twice as long 
as that of the ehoxt-styied, with its two stigmas considerably 
longer, moie divergent, and more curled. Fritz Muller informs 
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mo thftt be could detoct no differenos in the size of the ix>lleTi' 
gmins in the two forms* Nevertheless, there can be tio doubt 
that this plant is heterostykti 



LirosT 03 iA [!er* ?] (RrBiACKAa)* 



Dried flowers of this plant, which gro'ws in .small wet ditches 
in St* Catharina, in Brazil, were likewise sent me by Fritz 
51 idler. In the loug-etyled form the eiserted stigma staiids 
rather aljovo the level of the exserted anthers of the other form ; 
whilst in the short-styled form it stands on a level with the 
anthers of the other foim* So that the want of strict corre- 
slmudence in height between the stigmas and anthei’s in the two 
forms is reversetl, compared with what ocenrs in Hedyotis. The 
long-styled pistil is to tliat of the short-styled as 100 to 3C in 
length j and its divergent stigmaa are longer by fully one-third 
of their own length than those of the short-styled form. In the 
latter the anthers are a little larger, and the pollen-gTsin^ are 
as IflO to 80 in dianieter, compared with those from the long- 
styled form, 



Cinchona michantha (Eoiace^)* 



Dried specimens of both form.'? of this plant were sent me from 
Kew,* 111 the long-styled form the ajX'i of the stigma stands 
just beneath the liases of the hairy lobes of the corolla; whilst 
the summits of the anthers are seated alnont halfway down 
tho tube. The pistil is in length ns 100 to 38 to that of the 
tthort-styled form. In the latter tlm anthers occupy the same 
position as tho stigma of the other form, and they are con- 
Hiderahly longer than thoss of the long-styled form* As tho 
snmmit of the stigma in the short-styled form stands lieneath 
the liases of the anthers, w'hich are seated halfway down the 
corolla, the stylo has lieen extremely shortened in this form; 
its Icngtii to that of the long-styled lieing, in the Bpocimens 
examined, only as &*3 to 100! The stigma, aho, in the eliort- 
styletl form is very much shorter than that in the long-styled, 
in the ratio of 57 to 100, Tim pollen- grains from the fihort- 



My attention wua oaUed to 
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stvlod flowors, after baving l>e43=Ti soaked in water, were rather 
larger — in about tho ratio of 100 te 91— than those from tho long- 
Btyled fi-owors, and they were more triangular, with the angles 
more prominent. As all the grains from the Bhortestyled flowers 
were tints eharactorisodj and as they had been loft in water for 
three days, I ant conTincotl that this difference in shape in the 
two sets of grains cannot be aeccmnto lfor by unetinal distension 
with water. 

Hesides the several Eiibiaceous genera already mentioned, 
Fritz Mil Her informs me that two or three fipociea ofPsyebotria 
and Rttdfje/t erianiha., natives of St. Cutharina, in Brjizilj are 
hetcrostyled, as is MmHim hmhr, I may add that T formerly 
fertilised with their own pollen several flowers on a plant of 
thif? latter species in my hothouse, hut they did not set a single 
fruit. From Wight and AmotPs description, there seems to bo 
little doubt that Knosia in India is lieterostyted ; and Asa Gray 
is convinced tliat this is the case ’ftdth Diodia and Spermacoce 
in the United States. Lastly, from Mr. W. W. Bailey^'s descrip- 
tion,* it appears that the Mesiean Boumniin hktnllm h hetero- 
slylcd. 

Altogether wo now know of 17 heterostyled genera 
in the great family of the Ruhiaceie ; though more 
information is necessary with respect to some of them, 
more especially those montioned in tho last x>ara- 
graph j before we can foel absolutely safe. In the 
* Genera Plantarum,^ by Bentham and llookerj tlm 
EubiacotO are divided into 25 tribes, containing 33 ^ 
genera; and it deserves notice that the genera now' 
known to be heterostylod are not grouped in one or 
two of these tribes, but are distributed in no leas than 
eight of them. From this fact wo may infer that 
most of the genera have acquired their heterostyled 
structure independently of one another ; that is, they 
iiave not inherited this structure from some one or 
even two or three progenitors in common. It further 



* " Bull, of the Torrey Bob Club/ I'AIG, p- 106. 
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deserves notice that in the homostyled genera, as I 
am informed by Professor Asa Gray, the stamens are 
either exseited or are iiielnded within the tube of the 
corolla, in a nearly constant manner ; so that this 
character, which is not even of specific value in the 
hetcrostyled species, is often of generic value in other 
members of the family. 
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CHAPTER IV. 

Heterosttled TniMOurBio PLXNTa. 

Lytlirutn salicaria — Detcrifjtion of the three forms — Their power nTul 
compki maimer of fertiliaing one anitther — Eighteen different 
uoiona possible — Mid-sty led form eminently feminine in nature — 
LythiTUn Graifferi likewise triujorphie — L h tbymifolifl dimorphic— 
L, liysatipifolift homostyled— Ne&sea verficillatfl trimorphio — L«ger- 
fitreemia, natiire doubtful — 0^iilie*trimcrphic spociGB of— O. Valdi- 
vianti — 0. Regnellb the illegitimate unions quito barren — O, spe- 
ciosa — 0. sensitiva — Homostyled species of Oxalis — Pontedepia, 
the emo monoootyledonoua genus known to include heterostyled 
Bpcciea. 

In the previous chapters various hetcrostyled dimor- 
phic plants have been described^ and now we come to 
heterostyled trimorphic plants^ or those which present 
three forms. These have been observed in three 
families, and consist of species of Lythrmn and of the 
allied genus Nes^a, of Oxalis and Ponte deria. In 
their manner of fertilisation these plants offer a more 
remarkable case than can be found in any other plant 
or animal. 

Ly thrum saHcaria. — The pistil in each form dliTers 
from that in either of the other forms, and in each 
there are two sets of stamens different in ap]>earance 
and function. Put one set of stamens in each form 
corresponds with a set in one of the other two forms. 
Altogether this one species includes three females or 
female organs and three sets of male organs, all as 
distinct from one another as if they belonged to dil- 
ferent species ; and if smaller functional differences 
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are considered, there are five distinct seta of males. 
Two of the three liennaphrodites imist coexist, and 
pollen must he carried by insects reciprocally from one 
to the otheTj in order that either of the two sliould be 
fully fertile ; but unless all three forms coexist, two 
sets of stamens will be wasted j and the organisation of 
the species, ua a ^^bole, will be incomplete. On the 
other hand, when all three hermaphrodites coexist, and 
pollen ia carried from one to the other, the schemo 
is perfect ; there is no waste of pollen and no false co 
adajitation. In short, nature has ordained a most com- 
plex marriage-arrangement, aiamely a triple union 
between thiee liennaphrodites,— each hermaphrodite 
being in its female organ quite distinct from the other 
two hermaplirodites and partially distinct in its male 
organs, and each furnished with two sets of males, 

The three forms may he conveniently called, from 
the Unequal lengths of their pistils, the long^styled^ ^nid* 
styled, ^n<lshort-&iyled. The stamens also are of unequal 
length, and these may be called the lonyeMf mid-hngth^ 
and shortest Two sets of stamens of different length are 
found in each form. The existence of the throe forms 
was first observed by Vaucher,* and subaequontly more 
carefully by Wirtgon ; but these botanists, not being 
guided by any theory or even suspicion of their func- 
tional differences, did not perceive some of the most 
curious points of difference in their structure. I will 
first briefly describe the three forms by the aid of the 
accompanying diagram, which shows the flowers, six 
times magnified, in their natural position, with their 
petals and calyx on tho near side removed. 



Plantea unii Forateu,*’' ‘ Verhaod. 

M Etirups-, tom, fi. ISil, p. a7L dee nritvirhfet. Yereiiis fiir prcu*a. 
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rig. 10. 



Tionjr- 

Rtj'lid. 



Mid- 



SboTt- 

etylM. 



Diagram of the flowers of the three forma of Lifthrum &nhcarui,\ii their HAtnral 
position, with the pctala and caiyi reinoircd on the near aide : onUrgsl sis 

The dotte^l lines with the arrows show the directions m which pollen mual m 
carried to each atigma to ensure full fertility. 
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Lonr/-styIed f&7m.--T]iis form Cfin bo at once recog- 
nised hy tlie length of the pistil, which ia (inelurling 
the o^rarium) fully one- third longer than that of the 
mid-styled, and more than thrice m long as that of the 
short -styled fonn. It is so disproportionately long, that 
it projects in the bud through the fohled petals. It 
stands out considerably beyond the mid-length sta- 
mens ; its terminal portion depends a little, bnt the 
stigma itself is slightly upturned. The globular stigma 
is considerably larger than that of the other two forma^ 
with the papillae on its surface generally longer. The 
six mid-length stamens project about two-thirds the 
length of the pistil, and correspond in length with the 
pistil of the mid-sty led form. Such correspondence 
in this and tho two following forms is generally very 
close f the difference, where there is any, being usually 
m a slight excess of lengtli in tho stamens. The six 
shortest stamens lie concealed within the calyx : their 
ends are turned up, and they are graduated in length, 
BO as to form a double row. The anthers of these sta* 
mens are smaller than thoso of the mid-length ones. 
The pollen is of the same yellow colour in both sets. 
H. 3Iuiler^ measured the pollen-grain in all three 
forms, and his measurements are evidently more trust- 
worthy than those which I formerly made, so I will 
gi\o them. The numbers refer to divisions of the 
micrometer equalling mm. The grains, distended 
with water, irom the mid-length stamens are 7-7 J, 
and those from the shortest sttimens b—GJ in diameter, 
or as 100 to 86. The capsules of this form contain 
on an average D3 seeds; how^ this average was ob- 
tained wdil presently bo explained. As these seeds, 
when cleaned, seemed larger than those from the mid- 



* ^ Dili IlefnichtUTig der llluiiien,* 1873, p. 103, 
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styled or short *sty led forms, 100 of them were placed 
in a good Imlance, and by the double method of weigh- 
ing were found to equal 121 seeds of the mid-style d or 
142 of the short-styled ; so that five long-styled seeds 
very nearly equal six mid -styled or seven short-styled 
seeds* 

Mid-st i/Jed The pistil oceiipies the position 

represented in the diagram, with its extremity con- 
siderably upturned, but to a variable degree ; the 
stigma is seated betsveen the anthers of the lonsrest 
and the shortest staraons* The six longest stamens 
correspond in length with the pistil of the long-styled 
form; their filaments arc coloured bright pink; the 
anthers are dark-coloured, but from containing bright- 
green pollen and from their early dehiscence they appear 
emerald-green. Hence in general appearance these 
stamens are xeraarkablv dissimilar from the mid -length 
stamens of the long -styled form. The six shortest sta- 
mens are enclosed within the calyx, and resemble in 
all respects the shortest stamens of the long-styled 
form ; both these sets correspond in length with the 
short pistil of the short -styled form, Tho green pol- 
len-grains of the longest stamens are 9-10 in dia- 
meter, whilst the yellow grains from the shortest 
stamens are only 6 ; or as 100 to 63, But the pollen- 
grains from different plants appeared to me, in this 
case and others, to be in some degree variable in size. 
The capsules contain on an average 130 seeds; but 
perhaps, as we shall see, this is rather too high an 
avera^^e. The seeds tliemselves, as before remarked, 
arc smaller than those of the long-sty Jed form. 

Short-strjled form . — ^The pistil is here very sliort, not 
one-third of tho length of that of the long-styled forjn. 
It is enclosed within the calyx, which, differently from 
that in the other two forms, does not enclose any an- 
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tliera. The end of the pistil is generally bent upAvarJs 
at right angles. The six longest stamens, with their 
pink filaments and greou pollen, resemble the corre- 
spondiiig stamens of the mid-styled form. Butaeeord- 
ing to H. Bliilier, their pollen -grains are a little larger, 
viz. instead of 9-10 in diameter* The si^ 

mid -length stamens, with their unco loured filaments 
and yellow pollen, resemble in the size of their pollen- 
grains and in all other respects the corresponding 
stamens of the long-styled form* The diCerence in 
diameter between the grains from the two sets of 
anthers in the short-styled form is as 100 to 73. 
The capsules contain fewer seeds on an average than 
those of either of the preceding forms, namely 83 5 ; 
and the seeds are considerably smaller* In this latter 
respect, but not in number, there is a gradation 
])drallel to tliat in the length of the pistil, the long- 
styled having the largest seeds, the mid-styled the 
next in size, and the short-st)ded the smallest. 

We thus SCO that this plant exists under three 
female forms, which differ in the length and curva- 
ture of the style, in the size and state of the stigma, 
and in the number and size of the seed* There are 
altogether thirty-six males or stamens, and these can 
be divided into three sets of a dozen each, difl'ering 
Irom one another in length, curvature, and colour of 
the filaments — in the size of the anthers, and especially 
in the colour and diameter of the pollen-grains. Each 
form bears half-a-dozen of one kind of stam,ons and 
half-a dozen of another kind, but not all three kinds, 
Tlie three kinds of stamens correspond in length with 
the three pistils : the correspondence is always between 
half oi the stamens in two of the forms with the pistil 
of the third form. The following taVde of the diameters 
of the pollen-grains, after immersion in water, from 
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both sets of stamens in all three forms is copied from 



II. Miiller; 
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We here see that the largest pollen -grains conie from 
the loTigeat stamens, and tlie least from the shortest ; 
the extreme diflerence in diameter between them 
being as 100 to 60. 

The average number of seeds in the three forms was 
ascertained by counting them in eight fine selected 
capsules tahen from plants growing wild, an<l the 
result was, as we have seen, for the long-styled (neg- 
lecting decimals) 93, mid-sty led 130, and short-styled 
83. I should not have trusted in these ratios had I 
not possessed a number of plants in my garden which, 
owing to their youth, did not yield the full comple- 
ment of seed, but were of the same age and grew 
under the same conditions, and wero freely visited by 
bees. I took six fine capsules from each, and found 
the average to be for the long-styled 80, for tho mid- 
styled 97, and for the short-styled 61. Lastly, legiti- 
mate unions effected by me between tho three forms 
gave, as may be seen in the following tables, for the 
long-styled an average of 90 seeds, for the mid-sty led 
117, and for the short-styled 71. So that we have 
good concurrent evidence of a difference in the average 
production of seed by the three forms. T o show that 
the unions effected by me often produced their full 
effect and may be trusted, 1 may state that one mid- 
styled capsule yielded 151 good seeds, svhich is the 
same number as in tlie finest wild capsule which 1 
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exainine J* Some artlfieiftlly fevtilised short and long- 
styled capsules produced a greater number of seeds than 
was ever observed by me in wild plants of the same 
forms, but tl^on I did not examine many of the latter. 
This plant, I may a<ld, offers a remarkable instance, how 
profoundly ignorant wo aro of the life-conditions of a 
species. Naturally it grows “ in wet ditches, watery 
places, and especially on the banka of streams ” and 
though it produces so many minute seeds, it never 
spreads on the adjoining land ; yet, when planted in my 
garden, on clayey soil lying over chalk, and which is m 
dry that a rush cannot be found, it thrives luxuriantly, 
grows to above 6 feet in height, produces self-sown 
seedlings, and (which is a severer test) is as fertile as 
in a state of nature. Nevertheless it w^oukl be almost 
a miracle to find this plant grow ing spontaneously on 
such land as that in my garden. 

According to Yaucher and Wirtgen, the three forms 
coexist in all parts of Europe. Some friends gathered 
for me in North Wales a number of twigs from 
separate plants growing near one another, and clas- 
sified them. My sou did the same in Hampshire, and 
here is tlie result i— 



Tabt.e 22. 
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If twice or thrieo the number had been collcctedp 
the three lornis would probably have been found 
nearly equal ; I infer this from considering the above 
figures, and from my sou telling me that if he htid 
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collected in another spot ho felt sure that the jn id- 
styled plants would liave been in excess. I several 
times sowed small parcels of seed, and raised all three 
forms; but I neglecteti to record the parent-form, 
excepting in one instance, in wkicli I raised from 
short-styled seed twelve plants, of which only one 
turned out long- sty led, four mid-st vied, and seven 
short-styled* 

Two plants of each form were protected from the 
access of insects during two successive years, and in the 
autumn they yielded very few capsules and presented 
a remarkahle contrast with the adjoining uncovered 
plants, which were densely covered with capsules. In 
1863 a protected long-styled plant produced only five 
p(x>r capsules ; two mid-sty led plants produtsed together 
the same numl>er ; and two short- styled plants only a 
single one. These capsules contained very few^ seeds ; 
yet the plants were fully productive when artificially 
fertilised under the net. In a state of nature the 
flowers are incessantly visited for their nectar by hive- 
and other bees, varions Dipt era and Lepidoptera,* The 
nectar is secreted all round the base of the ovarium ; 
but a passage is formed along the upper and inner 
side of the flower by tho lateral deflection (iiot repre- 
sented in the diagram) of the basal portions of the 
filaments ; so that insects invariably alight on the pro- 
jecting stamens and pistil, and insert their proboscides 
along the upper and inner margin of the corolla. V\ e 
can now' see why the ends of the stamens with their 
anthers, and the ends of the pistils with their stigmas, 



* H. Miillftir pivos li list of tho ono noe, tho ■C7*7i3Si!i 

‘ )Jie UofriicbtiiTijjf fler b I most contiiica ilfi Ti^ita to tJiis 

niiimeo/ p. 1136, It appoaiB that plant. 
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are a little uptnrnedi so that they may be brushefl by 
the lower hairy surfaces of the insects' bodies* The 
shortest atamena which lie enclosed within the calyx of 
the long- and mid -styled forms can be touched only by 
the proboscis and narrow chin of a bee ; hence they 
have their ends more upturned, and they are graduated 
in length, so as to fall into a narrow' file, sure to be 
raked by the thin intruding proboscis. The anthers of 
the longer shnneus stand laterally farther apart and are 
more nearly on the same level, for they have to brush 
against the whole breadth of the insect's ljK>dy. In 
very many other flowers the pistil, or the stamens, or 
botli, are rectangularly bent to one side of the flower 
This bending may be permanent, as wdth Ly thrum 
and many others, or may he effected, as in Dietam- 
nu8 fi*mineUa and others, by a temporary movement, 
which occurs in the case of the stamens, when the 
anthers dehisce, and in the case of the pistil when 
tlie stigma is mature ; but these two movements do 
not always take place simultaneously in the same 
flower* Kovv 1 have found no exception to the rule, 
that when the stamens and pistil are bent, they bend 
to that side of the flower which secretes nectar, even 
tliough there be a rudimentary nectary of large si^e 
on the opposite side, as in some species of Corydalis, 
When nectar is secreted on all sides, they bend to 
that aide where the structure of the llower allows the 
easiest access to it, as in Lythrum^ various Fapilio- 
naceaj, and otliers. The rule consequently is, that 
when the pistils and stamens are curved or bent, the 
stigma and anthers are thus brought into the path- 
way leading to the nectary* There are a lew cases 
which seem to be exceptions to this mle, but they are 
not so ill truth ; for instance, in the Gloriosa lily, the 
stigma of the grotesque and rectangularly bent pistil 
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is brought, not into mj pathway from the outside 
towards the nectar-secreting recesses of the flower, but 
into the circular ronte which insects follo>v in proceed- 
ing from one nectary to the other. In Scrophularia 
aqmtiea the pistil is bent downwards from the mouth 
of the corolla, but it thus strikes the pollen-dusted 
breast of the wasps which habitually visit these ill- 
scented flowers* In all these cases we see the sujueme 
dominating power of insects on the structure of flowers, 
especially of those which have irregular corollas* 
Flowers which are fertilised by the wind must of 
course he excepted ; but I do not knoiv of a single 
instance of an irregular flower which is thus fertilised. 

Another point deserves notice. In each of the three 
fonns two sets of stamens correspond in length with 
the pistils in the other two forms. When bees suck the 
flowers, the anthers of the longest stamens, bearing the 
green pollen, are rubbed against the abdomen and the 
inner sides of the hind legs, as is likewise the stigma of 
the long-styled form* The anthers of the mid-length 
stamens and the stigma of the mid-sty led form are 
rubbed against the under side of the thorax and l>e- 
tweeii the front pair of legs. Andj lastly, the anthers 
of the shortest stamens and the stigma of the short- 
styled form are rubbed against the proboscis and chin ; 
for the bees in sucking the flowers insert only the front 
part {jf their heads into the flow er. On catching bees, I 
observed much green pollen on the inner sides of the 
hind legs and on the abdomen, and much yellow 
pollen on the under side of the thorax. There wlis 
also pollen on the chin, and, it may be presumed, on 
the proboscis, but this was dilficult to observe* I had, 
however, independent proof that pollen is carried on 
the prolx)scis ; for a small branch of a protoct-ed short- 
styled plant (which produced spontaneously only two 

I 
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capsules) wfts accitlentally left during seyeral days 
pressing against the net, and bees were seen inserting 
their proboscides through tl:te mesheSj and in conse- 
quence numerous capsules were formed on this one 
small branch. From these several facts it follows that 
insects will generally carry the pollen of each form from 
the stamens to the pistil of correspond iug length ; and 
we shall presently see the importance of this adapta- 
tion. It must notj how'overj bo supposed that the bees 
do not get more or less dusted all over with the several 
kinds of pollen ; for this could be seen to occur with 
the green pollen from tho longest stamens, j\Ioreover 
a case will presently be given of a long- sty led plant 
producing an abundance of eapsuleSj though grow- 
ing quite by itself, and the flowers must have been 
fertilised by their own two kinds of pollen ; but 
these capsules contained a very poor average of seed. 
Hence insects, and chiefly bees, act both as general 
carriers of pollen, and as special carriers of the right 
sort. 

Wirt gen remarks* on the variability of this plant in 
the branching of the stem, in the length of the bract ece, 
size of the petals, and in several other characters. The 
plants which grew in my garden had their leaves, 
which differed much in shape, arranged oppositely, 
alternately, or in whorls of three. In this latter ease 
the stems were hexagonal ; those of the other plants 
being quadrangular* But w’e are concerned chiefly, 
with the reproductive organs : the upward bending of 
the pistil is variable, and especially in the short-styled 
form, in which it is sometimes straight, soinetiines 
slightly curved, hut generally bent at right angles* 
The stigma oi the long -styled pistil frequently has 
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longer papillffi or is rougher than that of the mid- 
stvled, and the latter than: that of the short-styled ; 
but this character, though fixed and uniform in the 
two forms of Primula veris, &o., is here variable, for 
I have seen mid-sty led stigmas rougher than those 
of the long-styled.* The degree to which the longest 
and mid-length stamens are graduated in length and 
have their ends upturned is variable ; sometimes all 
are equally long. The colour of the green pollen in 
the longest stamens is variable, being sometimes pale 
greenish-yellow ; in one short-styled plant it was almost 
white. The grains vary a little in size : I examined 
one short-styled plant wuth the grains alx)ve the 
average size ; and 1 have seen a long-styled plant wdth 
the grains from the mid-length and shortest anthers of 
the same size. Wo here see great variability in many 
important characters ; and if any of these variations 
were of service to the plant, or were correlated wuth 
useful functional ditferences, the species is in that 
state in which natural selection might readily do much 
for its modification. 



On tJw Power of Mutual Fertilisation between the three 

Forms. 

Nothing shows more clearly the extraordinary com- 
plexity of the reproductive system of this plant, than 
the necessity of mahing eighteen distinct miions in 
order to ascertain the relative fertilising power of the 



* The plants which I obaervod 
grew ill Tijy garden, and probalidy 
rather more tlian those 
Kmwing in a fltate of nature, II. 
Muller hu4 doaeril^ed tlit) atignifw 
ijf ail til roe Ibrinswit li gient care, 



mifi he appears to have found the 
papillw differing «ni- 
fitantly in length and fetructare iu 
the thrt^ forms, being langeat in 
the long-styled form* 
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three forms. Thus the long-styled form has to be fer* 
tilised with pollen from its own two kinds of anthers, 
from tlie two in the micl-styled, and from the two in 
the short-styled form. The same process hm to be 
repeated with tlm mid-sty led and short-styled forms. 
It might have been thought, suflieient to have tried on 
each stigma the green pollen^ for instance, from either 
the mid- or short-styled longest stamens, and not 
from both ; but the result proves that this would 
have been insufficient, and that it was necessarv to 
try all six kinds of pollen on each stigma. As in 
fertilising flowers there will always be some failures, 
it would have been advisable to have repeated each of 
the eighteen unions a score of times ; but tho labour 
would have been too great; as it was, I made 223 
unions, i.e, on an average I fertilised above a dozen 
flowers in the eighteen different methods* Each flower 
w as castrated ; tho adjoining buds had to be removed, 
so that the flowers might he safely marked with 
thread, w ool, &c. ; and after each fertilisation the stigma 
was examined with a lens to see that there was suffi- 
cient pollen on it. Plants of all three forms were 
protected during tw^o years by largo nets on a frsune- 
work ; two plants were used during one or both years, 
in order to avoid any individual pcenliarity in a par- 
ticular plant* As soon as the flowers had withered, 
the nets were removed ; and in tho autumn the cap- 
sules were daily inspected and gathered, the ripe 
seeds being counted under tlie microscope. I have 
given these details that conticlence may l>e placed 
in tho following tables, and as some excuse for two 
blunders wliieh, I believe wore made. These blunders 
are referred to, with tlieir probable cause, in two 
foot-notes to tho tables* The erroneous numbers, ho ’►v- 
oer, are entered in the tables, that it mav not be stij^ 
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j>osrtl that I have in any one instance tampered with 
the results^ 

A few words explanatory of the three tables must he 
given. Each is devoted to one of the three forms, and 
is <iivided into six compartments* The two upper ones 
in each table show the number of good seeds resulting 
from the application to the stigma of pctllen from the 
two sets of stamens which correspond in length with 
the pistil of tliat form, and which are borne by the 
other tivo forms* Such unions are of a legitimate 
nature* Tlie two next lower compartments show the 
result of the application of pollen from the two sets of 
stamens not corresponding in length with the pistil, 
and which are borne by the other two forms. These 
unions are illegitimate* The two lowest compartments 
show the result of the application of each form*s own 
two kinds of pollen from the two sets of stamens be- 
longing to the same form, and w^hich do not equal the 
pistil in length* These unions are likewise illegiti- 
mate* The term own-form pollen here used does not 
mean pollen from the flow^cr to he fertilised— for this 
was never used— but from another flower on the same 
plants or more commonly from a distinct plant of the 
same form* The figure (0) means that no capsule was 
produced, or if a capsule was produced that it contained 
no good seed* In some part of each row of figures in 
eacln compartment, a short horizontal line may he seen \ 
the unions above this line were made in 1862, and 
below it in 1863* It is of importance to observe this, 
as it shows that the ^ime general result was obtained 
during two successive years ; but more especially be- 
cause 1863 was a varv hot and dry season, and the 
plants had occasionally to be watered. This did not pre- 
vent the fall complement of seeds being produced from 
the more fertile unions ; but it rendered the less fertile 
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ones even more sterilo than they otherwise would have 
been. I have seen striking instances of this fact in 
making illegitimate and legitimate unions with Pri- 
mula; and it is well known that the conditions of life 
must he highly favourable to give any chance of suc' 
cess in producing hybrids between species which are 
crossed with difiiculty. 

TjUJLE Form, 



I. 

Legitimi^te union. 

IS flowers fertilised by the lon;^eat 
stamens of the mid-sty led. These 
stamens equal in length the pistil 
of the Itmg-Atyled. 

PrtHluct of good seed in each cap- 
sule. 

36 

SI 0 

0 0 

0 0 

0 0 

— 0 

45 
41 

SB per oentn of these flowers 
yielded espuules. Each capsule con- 
tained, on an average, 51*2 seeda. 



11 . 

ISflowers fertilised by the bmgesft 
stamens of the short-styled. These 
stameDS equal in length the pistil 
of the long-4ity]ei.l, 

FrtM.luct of goml seed in each eap- 



anlo. 

159 104 

43 119 

9G poor fleeJ, 9G 
103 09 

0 131 

0 116 



114 

84 per cent, of these flowers 
yielded cBpsjnlea. Each capsule con- 
tained, cm an avet&gej 107 ”3 seenlii, 



/ 



III, 

lUf'^limaie ttmon. 

14 flowera fertilised by the short- 
est stamens of the inid-atyled. 



IV. 

I legitimate nnionr 

12 flowers fertilised by the mid' 
length stamens of the short-iStyled. 
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T ABLE 23. — Long-styled form — eoniinued^ 



V, 

lUfgiiiTMite MWtOJl, 

15 flowers fertiUsed by own-fonn 
niii-leBgtb st-nmens. 



2 — 

10 U 

23 fl 

0 0 

0 0 

0 0 

0 0 

0 0 



Two st-eiile for any averagOi 



Vt 

Illegitimate wniofl* 

15 flowers fertilised by owD-foTm 
ehortetit stamens. 

4 — 

8 0 

4 0 

0 0 

0 0 

0 0 

0 0 

0 0 

Too sterile for any average* 



Besides the above experiments, I fertilised a con- 
siderable mmilier of long-atyled flowers witli pollen, 
taken by a camers-hair brush, from both the mid- 
length and shortest stamens of their own form : only 
5 capsules were produced, and these yielded on an 
average 34*5 seeds* In 18(>3 I tried a much Letter 
experiment : a long-styled plant was grown by itself, 
miles aw ay from any other plant, so that the flowers 
could have received only their own two kinds of pol- 
len * The flowers w'ere iiiuessantly visited by bees, and 
their stigmas must have received successive applica- 
tiona of pollen on the must favourahle days and at the 
most favourable hours : all w ho have crossed plants 
know that this highly favours fertilisation. This plant 
produced an abundant crop of capsules; I took by 
chance 20 capsules, and these contained seeds in 
number as follows 



20 


35 


21 


19 


24 


12 


23 


10 


30 


27 


29 


13 


12 


29 


19 


35 



20 
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This gives an average of2l'5aeefIs per capsule. As 
we know that the long-styled form^ when standing 
near plants of the other two forms and fertilised by 
insectSj produces on an average 93 seeds per capsule, 
WG see tliat this form, fertilised by its own two pollens^ 
yields only between one-fonrth and one-fiftk of the full 
number of seed. I have spoken as if the plant had re- 
ceived both its own kinds of pollen, and this is, of 
course, possible ; hut, from the enclosed position of the 
shortest stamens, it is much more probable that the 
stigma received exclusively pollen from the mid- 
length stamens ; and this, as may be seen in com- 
partment Y, in Tabic 23, is the more fertile of the two 
self-unions* 



T.4BLE 24:.^Mid-&t^led Ftjrm, 



1. 

Legitiniate miton. 

12 flawQi's f«Tla]ls9d bj the oiid- 
length of th« 

Thesft GtHTnens in leagth. the 

ptatil t>f the mid-3tyl«ci. 

Product of good aeed in each cap- 
sule. 



138 


122 


14& 


50 


147 


151 


109 


119 


133 


138 


144 


0 



92 per c^nt. of the flon'era (pro- 
bably 100 per cent.) yielded cap- 
#iqle*. E;Lch capsule cc^Diaitied, on 
an average;, 127*3 seeds. 



II. 

Legitimate ttfiion. 

12 flowers fertilised by the mid- 
length stam«'n,5 of the *hort-Btyl«b 
These Btamens equal in length the 
pistil of the mid-stylcii. 

Product of gKKMl seeil in each cap- 
sule. 



H2 


100 


130 


143 


143 


124 


100 


145 


33 


1’3 


104 


141 



100 per oetit. of the flowers yietd^ 
capsules. Eacb cajn»ule contained, 
on an average, 108 "O seeds ; ofj 
cludiiig capsules with, les* than 20 
seeda, the average is 1 id ’ 7 seeds. 







Darwin Online: cou 




CHAF. I V. 



LYTHKUM SATJCATUA. 



155 



III. 

union. 

13 flowATs fertilised bj* the short- 
est J5tftineii4 of the long-styled. 

m 12 

u 1& 

seeds small 
and poor. 

^ 0 

44 0 

44 0 

45 0 

54 per cent, of the flowei-s yielded 
eapsules. Ktich capsule contnined^ 
on an averagCt ^ aeed^ ; or, ei- 
ckidiog capsules ivith less than SO 
seeds, the average is GO’S seeds. 



IV. 

lllegtUmafe iinion. 

1.5 flower* fertilised by the lODg^ 
eat stamens of the short-styled. 



130 




115 


113 


14 


29 


6 


17 


2 


113 


9 


79 




128 


132 


0 



93 per cent, of the flowers yieldenl 
capsules. Each capeiile contained, 
on an average, G9*5 seeds; or, ei- 
clnding cajusnlea with less than 20 
seed*, the average is 102^-8. 



Table 24. — ‘Midstj/Jod Form — cottU'nrimfL 



V. 

IllegiUmat& anion. 

12 flower* fertilised by own- form 
longest starnenSr 



92 0 

9 0 

63 0 

— 0 

136 ? * 0 

fl 0 

0 



Excluding the capsule with L36 
seeds, 25 per cent, of the fiowera 
yieldeil capsules, and each capsnle 
contained, on an a%’eragc, 54 ’ 6 seeds; 
or, excluding capsules with less than 
20 seeds, the average is 77' 5. 



• I have hardly n doubt that 
this result nf 136 seeds in eompart- 
tnent V. wEia due a gross error. 
The flowers tn be fertiJitsed by 
their own longest HbunenB were 

first niarbcd by ** white tbroEwl,'" 
find those by the in id -length 
stameDS of the long-atyb'd form 
by '‘white silk a flow er fertilised 
ill the later ruaniior would liave 
yielded about 1 36 seeds, and it may 
he observed that one such pmTf is 



VI. 

lUegUimaie union. 

12 flower's fertilised by own- form 
shortest stain eas. 

0 0 

0 0 

0 0 

_ 0 

0 6 

0 0 

0 

Not one flower yielded a capsule, 



rnisiiug, viK* at the bottom of 
TOmparttnent I. Thoneforo 1 have 
hardlv any doubt that I fertilised 
a flower marked w ith “ wdiito 
tbrciul a.*? if it had been markwl 
with white silk.” V ith respect 
to the capBulo which yielded 93 
Boedfl, in the suine column with 
that which yielded 136, I do 
not know what to think. 1 
endeavoured to prevent poiMin 
dropping from an iipl^r to a lower 



I 



ir>(? IIETKIlOSTYrKD TRDrOBPniO PL ANTS. Cnxw IV. 






IT 



Besides the expeTiments in the above table, I ferti- 
lised a considerable number of mid-atyled flowers with 
pollen^ taken by a eamel's-hair brush, from both the 
longest and shortest stamens of their osvn form : only 
5 capsules were produced, and these yielded on m 
average 1 1 '0 seeds. 

Table 25. — Short^t^hd Ftirm. 



12 fertilised by the short- 

est stamens of the long-styled. 
These Btnmens equal in length the 
pistil of the fcihort-stvled. 



i. 


m 


56 


03 


69 




61 


ee 


77 


69 


, 


88 


112 


48 


53 


1 


66 


lU 


43 


9 


' 


0 


m 


0 


0 


J 


0 


100 


0 


0 


, 


— 




— 


0 



83 per cent, of the flowers yielded 
ca[Mules. Each capsule containeJ, 
on an aTernge, 81 '3 geeils. 



Legitimnte mnion. 

13 flowers fertiliseid by thcshoitp 
P5t tttamens of the mid-atyled. 
These stfimens equal iti length the 
pistil of the short-.-ityloJ. 



61 per cent, of the flowers yielded 
capHUles. KAch capsule orjntaine<h 
on an avornage, 64 ^ 6 a*eds. 



HFiion, 

10 flowers fertilised by the mid- 
length stamens of the loog-Htyled. 

0 1+ 

0 0 

0 0 

0 0 

— 0 

23 

Too sterile for any average. 



IV. 

IUegitijiloi£ union. 

10 floTiVeTS fertiliAed by the louj 
cst stamens of the mid-stylyi. 



Too sterile for any average. 



flower, atid I tKed to remember to 
wipe the piticera cnrefuUy after 
eaoli fertilisation ; but in making 
eighteen dtlferent unions, some- 
times on windy days, and peatertrl 
by bcee and flies buzzing about, 
some few errr>ra esnuld hardly be 
UToldfxL One day I bad to keep 
a tllird man by me all the time to 
prereut the btes viaiting; tbo un- 



covered plunitaj for in a fc™" 
Bec^mdft’ time tliey might have 
done irrepuriible uiiscbief. It was 
alflo eitremcly diftioult to eicludo 
mitiute Uipteru from the neb In 
1862 I rnEMle the gr™t mistake of 
plaeing a niid-Btyle<t and long- 
sly led under tho same iuxge uetj 
in 1S63 I avoided, tliis error^ 
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Table 25 . — Short-^stj/hd I^orTfi' — continncd. 



V. 




VI. 


JlU'ffifhnate iinfort. 


IHtgitinifJte uni&n. 


10 floweTH fertilised bv 


own-fomi 


10 flowers fertilised by own-foria 


ongest s-tamens. 




niid'length gtamens. 


0 


0 


64?* 0 


0 


0 


0 0 


0 


0 


0 0 


_ 


n 


— 0 


0 


0 


21 0 


0 




9 


Too aterile for any awerage. 


T(hi> sterile for any average. 



Besides the experiment a in the hible^ I fertilised a 
number of flowers without particular care with their 
own two kinds of pollen j but they did not produce a 
single cap ail le* 



Sumnmrtj of the Besults. 

Long-staled form. — Twenty-six flowers fertilised le- 
gitimately by the stamens of corresponding Jengthj 
borne by the mid-and short-styled forms, yielded 61 '5 
per cent, of capsules, which contained on an average 
89*7 seeds. 

Twenty™six long-styled flowers fertilised illegiti- 
matedy by the other stamens of the mid- and short- 
styled forms yielded only two very poor capsules. 

Thirty long-styled flowers fertilised illegitimately by 
their ow n-form two sets of stamens yielded only eight 
very poor capsules ; but long-styled flowers fertilised 



^ I su£p0ct tliiat bjf mistake I 
fertilized lLls flower in compuTt- 
Dieiit YI. n'itlj pollcTi from the 
tliortest utameiaH of the long-atylcd 
form anti it wQiild then liave 
yielded about 61 &eeda, Flowers 



to be tliub fertilised wore marked 
with black tilk ; those w ilh ]>ullen 
from the mid-lcngtli stamens of 
the abort-styled witlii black thread : 
aiid thud probably the mistuke 
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)jy bees with pollen from their own stamens produced 
numerous capsules contiiining on an average 21 “5 
seeds. 

Mid-st tj Jed form. — Twenty-four flowers legitimately 
fertilised by the stamens of corresponding length, 
borne by the Jong and short-styled formSj yielded 96 
(pTobably 100) per cent, of capsules, which contained 
(excluding one capsule with VI seeds) on an average 
1 1 7 ■ 2 seeds. 

Fifteen m id-styled flowers fertilised illegitimately 
hy the longest stamens of the short-styled form yielded 
9^1 per cent, of capsules, which (excluding four cap- 
sules with less than 20 seeds) contained on an average 
102 ‘8 seeds. 

Thirteen mid-styled flowers fertilised illegitimately 
hy the mid -length stamens of the long-styled fomi 
yielded 54 per cent, of capsules, svhich (excluding 
one with 19 seeds) contained on an average 00-2 seeds. 

Twelve mid-stvlcd flowers fortilLsed illc«ritimatelv 

^ ■Tj af 

by their owm-form longest stamens yielded 25 pc^r 
cent, of capsules, which (excluding one with 9 seeds) 
contained on an average 77*5 seeds. 

Twelve mid-styled flowers fertilised illegitimately 
by their own-form shortest stamens yielded not a 
single capsule. 

Short-sttjled form. — Tvs'enty-five flowers fortllise<l 
legitimately by the stamens of corresponding lengthy 
l>ome V>y the long and mid-styled forms, yielded 72 
per cent, of capsules, which (excluding one capsule 
with only J> seeds) contained on an average 70*8 
seeds. 

Twenty short-styled flowers fertilised illegitimately 
by the other stamens of the long and mid-styled forms’ 
yielded only two very poor capsules. 

Twenty short-styled flowers fertilised illegitimately 
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by their own stamens yielded only two poor (or per* 
baps three) capsules. 

Jf viO take all six legitimate imions together, and 
all twelve illegitimate unions together, we get the 
following results : — 

Table 26. 



Nature of Uiilun., 


Nuoitier 
of Ftowers 
li^rnibsed. 


Numtwr 
of CipsulcB 
produced. 


AVGmpe 
K umbvT of 
fields per 
OpeuJe. 


ATvsrpge 

Number of 
per 

Flower fer- 


The sis legitimate | 
unioiib . . ■ »/ 


i ^ 

1 

1 


1)G 


96 ’2B 


71-39 


Thfr twelve 

tnate unions * * f 


■ liiy 

1 


36 


44 '72 


11 



Therefore the fertility of the legitimate imions to that 
of the illegitimate, as judged hy the proportion of the 
fertilised flowers which yielded capsules, is as 100 to 
; and judged by the average number of seeds per 
capsules, as 100 to 40. 

From this summary and the severtil foregoing tables 
we see that it is only pfillen from the longest stamens 
which can fully fertilise the longest pistil ; only that 
fn>m the mid-length stamens, the mid-length pistil ; 
and only that Irom the shortest stainenSj the shortest 
]ustil. And now we can comprehend the meaning of 
the almost exact corresjxmdence in leugtli between 
the pistil in each form and a set of six stamens 
in two of the other forms ; for the stigma of each 
form is thus rubbed against that part of the insect*s 
body which becomes charged with tJic proper pollen. 
It is also CTident that the stigma of each form, 
fertilised in three different ways with pollen from 
the longest, middength, and shortest stamens, is acted 
on very differently, and coiiTer.sely, that the pollen froni 
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the twelve longest, twelve mid-leiigth, aud twelve 
shortest stamens acts very ililierently on each of the 
three stigmas ; so that there are three sets of female 
and of male organs. Moreover, in most cases the six 
stamens of each set differ somewhat in their fertilising 
power from the six corresponding ones in one of the 
other forms* We may further draw the remarkable 
conclusion that the greater the inectnality in length 
hetween the pistil and the set of stamens, the pollen 
of which is employed for its fertilisation, by so much 
is the sterility of the union increased. There are no 
exceptions to this rule. To understand what follows 
the reader should look to Tables 2d, 24, and 2o, and 
to the diagram Fig. 1 0, p. 139. In the long-styled form 
the shortest stamens ohyioiisly differ in length Irom 
the pistil to a greater degree than do the mid-length 
stamens ; and the capsules produced by the use of 
pollen from the shortest stamens contain fewer seeds 
than those produced by the pollen from the mid- 
length stamens. The same result follows with the 
long-styled form, from the use of the pollen of the 
shortest stamens of the mid-sty led form and of the 
mid-length stamens of the short-styled form. The 
same rule also holds good with the mid-sty led and 
short-stvled forms, when illegitimately fertilised with 
pollen from the stamens more or less unequal in 
length to their pistils. Certainly the difference in 
sterility in these several cases is slight ; hut, as far as 
w^e are enabled to judge, it always increases with the 
increasing inequality of length between the pistil and 
tho stamens which are used in each case. 

The correspondence in length between the pistil in 
each form and a set of stamens in the other two forms, 
is probably the direct result of adaptation, as it is oi 
high service to the specie by leading to full and 
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legitimate fertilisation. But tlie rule of the increased 
sterility of tiie illegitimate unions according to the 
greater inequality in length between the pistils and 
stamons employed for the union can he of no service. 
With some heterostyled dimorphic plants the dif- 
ference of fertility between the two illegitimate unions 
appears at first sight to be related to the facility of 
self-fertilisation; so that when from the position of 
the parts the liability in one form to self-fertilisation 
is greater than in the other^ a union of this kind 
has been checked hy having been rendered the 
more sterile of the two. But this explanation does 
not apply to Lythrnm ; thus the stigma of the long- 
styled form is more liable to be illegitimately fer- 
tilised with pollen from its own mid-length stamens, 
or with pollen from the mid-length stamens of the 
short-styled form, than by its own shortest stamens 
or those of the mid-sty led form ; yet the two former 
unions, which it might have been expected would 
have been guarded against by increased sterility, 
are much less sterile than the other two unions 
which are much less likely to be effected. The 
same relation holds good even in a more striking 
maimer with the mid-sty led form, and v ith the sliort- 
styled form as far as the extreme sterility of all its 
illegitimate unions allows of auy eomparisoii. ^\e 
are led, therefore, to conclude that the rule of in- 
creased sterility, in accordance with increased in- 
equality in length between the pistils and stamens, 
is a purposeless result, incidental on those changes 
through which the species has passed in acquiring 
certain characters fitted to ensure the legitimate 
fertilisation of the three forms. 

Another conclusion which may bo drawn from 
Tables 23, 24, and 25, even from a glanco at them, 

W. 
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is that the mid-styled form tlififerg from both the 
others in its much higher capacity for fertiligatioii 
in. various ways* Not only did the twenty-four flowers 
legitimately fertilised by the atamens of correspond in g 
lengths, all, or all but one, yield capsules rich in 
seed ; but of the other four illegitimate unions, that 
by the longest stamens of the short-styled form was 
highly iertile, tJiough less so than the two legitimate 
unions, and that by the mid-length stamens of the 
long-styled form was fertile to a considerable degree ; 
the remaining two illegitimate unions, namely, with 
this form's own pollen, were sterile, but in different 
degrees* that the mid-styled form, when fertilised 
in the six diflercnt possible methods, evinces five 
grades of fertility. By comparing compartments III 
and VI. in Table 24 wo may see that the action of 
the pollen from the shortest stamens of the long-styled 
and mid-styled forms is widely different ; in the one 
case above half tho fertilised howeis yielded capsules 
containing a fair number of seeds ; io the other case 
not one capsule was produced, So, again, the green, 
large-grained pollen from the longest stamens of 
the short-styled and mid-styled forms {in compart- 
ments IV, and Y,) is widely different, In both these 
ea,ses the difference in action is so plaiiL that it cannot 
be mistaken, but it can be corroborated. If wo look 
to Table 25 to the legitimate action of the shortest 
stamens of the long- and mid-styled forms on the 
short-atyled form, we again see a similar but slighter 
difference, the pollen of tho shortest stamens of the 
mid-styled form yielding a smaller average of 
during tho two years of 1862 and ISG^ than that from 
the shortest stamens of the long-styled form. Again» 
if we look to Table 23, to the legitimate action on 
the long-styled form of the green pollen of the two 
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sets of long'est stsimeng, we shall find exactly the same 
result, viz. that the pollen from the longest stamens of 
the mi<l-styled form yielded during Loth years fewer 
seeds than that from the longest stamens of the 
short-styled form. Hence it is certain that the two 
kinds of pollen produced by the mid-style d form are 
less potent than the two similar kinds of pollen pro- 
duced by the corresponding stamens of the other two 
forms. 

In close connection with the leaser potency of tlie 
two kinds of pollen of the mid-sty led form is the fact 
that, according to H. JMuller, the grains of Loth are 
a little less in diameter than the corresponding grains 
produced by the other two forms. Thus the grains 
from the longest stamens of the mid-styled form are 
9 to 10, whilst those from the corresponding stamens 
of the short-styled form are 9^ to lOJ in diameter. 
So, again, the grains from the shortest stamens of the 
mid-styled are fi, whilst those from the corresponding 
stamens of the long -sty led are 6 to in diameter. 
It would thus appear as if the male organs of the 
mid-styled form, though not as yet rudimentary, were 
tending in this direction. On the other hand, the 
female organs of this form are in an eminently efficient 
state, for the naturally fertilised capsules yielded a 
considcraLly larger average numlx^r of seeds than 
those of the other two forms — almost every flower 
which was artificially fertilised in a legitimate manner 
produced a capsule — and most of the illegitimate 
unions were highly productive. The mid-styled form 
thus appears to he highly feminine in nature ; and al- 
though, as just remarked, it is impossible to consider 
its two well-developed sets of stamens which produce 
an abiindanco of pollen as being in a rudimentary 
condition, yet we can hardly avoid connecting as 
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balanced the higher efliciency of the female organs 
in this form with the lesser efficiency and lesser size 
of its two kinds of pollen grains. The whole case 
appears to me a very curious one* 

It may be observed in Tables 23 to 25 that some 
of the illegitimate unions yielded diiring neither year 
a single seed ; but, judging from the long-styled plants, 
it is probable, if such unions were to be effected re- 
peatedly l>y the aid of insects under the most favour- 
able conditions, some few seeds would he produced in 
every case. Anyhow, it is certain that in all tivelve 
illegitimate unions the pollen-tubes penetrated the 
stigma in the course of eighteen hours. At first I 
thought that two kinds of pollen placed together on 
the same stigma would perhaps yield more seed than 
one kind by itself; but we have seen that this is not 
so with each form’s own tw o kinds of pollen ; nor is it 
probable in any case, as I occasionally got, by the use 
of a single kind of pollen, fully as many seeds as a 
capsule naturally fertilised ever produces, Jloreover 
the pollen from a single anther is far more than suffi- 
cient to fertilise fully a stigma ; since, in this as with 
so many other plants, more than twelve times as much 
of each kind of pollen is produced as is necessary to 
ensure the full fertilisation of each form. From the 
dusted condition of the bodies of the bees which 1 



caugiit on the iiowers, it is probable that pollen of 
various kinds is often deposited on all three stigmas; 
but from the facts already given with respect to 
the two forms of Primula, there can hardly be a 
doubt that pollen from the stamens of cones jnondiug 
length placed on a stigma would be prepotent over 
any other kind of jx)llen and obliterate its effects, 
’ even if the latter had been placed on the stigiuA 
some hours i»reviously. 
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Finally, it lias now been shown that L]ji]irum salkaria 
presents the extraordinary case of the same species 
bearing three females, different in structure and func- 
tion, and three or even five sets (if minor differences 
are considered) of males ; each set consisting of half- 
a-dozen, which likewise differ from one another in 
structure and function* 

Lythriim Gn^jferL — I liavo eitarainGd mnnerous dried flowers 
of this spodcs, mcli from a separate! plant, sout mo from Ecw. 
Like L. mlkariaf it is trijinorphie, and tlie three forms appa- 
rently occur in aliout equal numl>ers. In the long-styled form 
the pistil projects about one third of the length of the calyx 
beyond its mouth, and is therefore relatively much shorter than 
in Zr. saUcarm ; the glolK>s6 an<l hirsute stigma is larger than 
that of the other two forms ; the six mid-Icngth stamoiis, which 
art! gi’aduated in length, liave their anthers stauding close above 
and close beneath the mouth of the calyx; tho -six shortest 
stamciifi rise rather above the niiddlo of the calyx. In the mid- 
styled form the stigma projects just alx>ve the mouth of the 
calyx, aud stands almost on a level with the mid -length stamens 
of the long and short-styled forms ; its own longest staiuens 
project well alwve the mouth of the calyx, and staud a little 
above the level of the stigma of the long-styled form, In short, 
without cuter ing on further details, there is a close general 
correstiondence in structure between this species and L. mUmrui^ 
but with some differences in the i>rot>ortional lengths of the 
iMirts. Tlie fact of each of the three pistils having two s<>ts of 
stamens of eor responding lengths, Ixjrne by the two other forms, 
comes out conspicuously. In the m id-styled form the pollon- 
gmius from the longest stamens are nearly double the diameter 
of those from the shortest stamens ; so that there is a greater 
difference in this respect than in I*, mlkaria. In the long’ 
styled form, also, the difference in diameter between the pollen- 
grains of the mid-length and shortest stamens is greater than 
in L. mlicaria: These comparisons, however, must ba received 

with caution, as they were made on specimciLS soaked in water, 

after having been long kept dry. 

J^ythritm ihynilfolia . — This form, according to \ anchor, ii^ 

• * Hi.it. Pliys* dey Planter d’Earope,’ torn iu (lail), pp. 363^ 371- 
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dimorpliic, like Primula, and therefore presents only two forma. 
1 i-eceivod two driotl flowers from K&w, which eonfiisted of the 
two forma ; in one the atigma projected fat txjyond the calyx^ in 
the other it was included within the calyx; in this latter form 
the stylo waa only one-fonrth of the length of that in the otlior 
form. I' here are only six stamen a; these are somewhat gradu- 
ated in length, and their anthers in the ehort-etyled form stand 
a little above the stigma, but yet by no means eijual in length 
the pistil of the long-styled form. In the latter the stamens 
are rather shorter than those in the other form. The six 
stamens alternate with the petals, and therefore correspond 
homologically with the longest stamens of L. saUcaria and i* 
Grxej^eri. 



Ly thrum JiyssQpifoIm,--l!hm species is said by Vaucher, hut I 
believe erroneously, to he dimorphic. I have examined clricd 
flowers from twenty- two separate plants from various localities, 
sent to me by Mr. Hewett G. Watson, Professor Biihington, and 
others* These w’ere all essentially alike, so that the species 
cannot be heterostyled. The pistil varies somewhat in length, 
but when unusually long, the stamens are likewise generally 
long; in the bud the stamens are short; and Yaucher was 
l^exhaps thus deceived. There are from six to nine stamens 
graduated in length. The three atamens, which vary in being 
either present, or alisent, corresipond with the six Eshortcr stamens 
of L. mlicaria and with the six which are always ahsent in L* 



thymr/oiki. The stigma is iueluded within the calyx, and stands 
in the midst of the anthers, and would generally be fertilised 
by them ; but as the stigma and anthers are upturned, and as, 
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We thus see that within this genus some species are hetoro- 
styled and trimarpMc ; one apparently .heteros ty led and dimor- 
phic, and one homostylcd. 

vertkillatii ^ — I raised a number of plants from seed 
sent me by Professor Asa Gray, and they presented tbreo forms. 
Those differed from one another in the proportional lengths of 
their organs of fructification and in all rospeets* in Tory nearly 
the same way os the three forma of Lyihrm^ Grwff&ri. The 
green-pollen grains from the longest stamens, measured along 
their longer axis and not distended irith water, were 7 ^^ of an 
inch in length ; those from the mid-length stamens and 

those from the ahortest stamens of an inch* So that the 
largest pollen’ grains are to the smallest in diameter as 100 to 
Co. This plant Inhabits swampy ground in the United States. 
According to Frita Miillcr,* a species of this genus in St. Catha- 
rina, in Southern Brazil, is homostyled. 

This plant, a member of the Lythraceje, 
may perhaps bo heferostyled, or may formerly liaye been eo* It 
is remarkable from the extreme variability of its stamens* On 
a plant, growing in my hothouse, the floTvers meluded from 
nineteen to tweuty-nine short stamens with yellow polleu, 
which correspond in position with the shortest stamens of 
Ly thrum; and from one to five (the latter number being the 
commonest) very long stamens, witli thick fleRh-colonred fila- 
ments and green pollen, corresponding in position with the 
longest stamens of Ly thrum. In one flower, two of the long 
stamens produced green, w hile a third produe&l yellow pollen, 
although the filaments of all three were thick and flesh-coloured. 
In an anther of another flower, one cell contained green and 
the other yellow pollen. The green and yellow pollen- grains 
from the stamens of different length are of the saino size. 
The pistil is a little bowed upwards, with the stigma seated 
betw^een the anthers of the short and long stamen fi, so that 
this plant was mid-sty led. Eight flowwa were fertilised with 
green pollen, and sis with yellow pollen, but not one set fruit. 
This latter fact by no means jiroves that the plant is hetero- 
sty led, as it may belong to the class of self-sterile species* 
Another plant growing in the Botanic Gardens at Calcutta, as 
Mi. j. Sfiott informs me, was long-styled, and it was eijually 
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with its own pollen; whilst a long-etylecl pljint of 
L. reymcK, though growing by itself, produced fruit. I eratnined 
dried flowers freon two plants of i. parvijkra^ lx>th of which 
were long-styled, and they differed from X. hidim in haring 
eight long Stamens with thick h laments^ and a crowd of short ei 
stamens. Titus the evidence whether X. Jndka is hetertK 
styled is curiously conflicting; the unequal numl^er of the short 
and long Rtamens, their ertreme variability, and especially the 
fact of tlicir pollen-grains not differing in size, are stTongly 
opposed to this belief: on the other hand, the difference in 
length of the pistils in two of the plants, their aterililj with 
their own pollen, and the difference in length and structure of 
the two sets of stamens in the same flower, and in the colour of 
their pollen, favour the belief. We know that when plants of 
any kind revert to a former condition, they are apt to Ije highly 
variable, and the two halves of the same organ sometimes differ 
much, as m the case of the ftbove-dcecribed anther of the 
Lagorstreomia ; we may therefore sxispect that this species was 
once heterostyIe<l, and that it still retains traces of its former 
state, together with a tendency to reveri more completely to it. 
It deserves notice, as bearing on the uatui'^ of LagerstrcEmia, 
that in Lythrum which is a houioetyled sj>edes, some 

of the shorter stamens vary in being either presexLt or abe.ent, 
and that these stamens mn altogether absent in X* tkymi- 
folifi, Iq another genns of the Ly thracese, namely Ctiphea, three 
species raised by me from seed certainly wero horaostjled; 
nevertheless their stamens consisted of two sets differing in 
length and in the colour and thickness of their filaments, but 
not in the size or colour of their pollen-grains ; so that they 
thus fav resembled tlio stamens of LEigcrstrcemia. I found that 
Ciiphea piirptj/rea was highly fertile with its own pollen when 
artificially aided, but sterile when insects were excluded.’'' 



* Mr, Speni’0 iaforius ine thut 
in several of the genus 

Mollia (Tilijceffi) vfhich he col- 
leeUd in Woiith Ameiica, tba 
stuuieniit uf the five outer ixihorts 
imve purplitHi filnmcBtu jmi;l green 
prUlen, whiJut tlio bhinidns of the 
five inner coliortH have yellow 
judlen. He tliereibre sit&pecte<i 
tf'ut tiicstj epee led might prove 
In be liereruatyJeil mid tiimur- 



pliie : but he did not notice the 
length of the pistils, fn tlio 
allied Luhe4i the outer pur[didh 
stiLtnena are destituto of antlierA. 
I prcKCured squio epLcinieiia of 
IfoifijVi hpiiMu and »p^.eiom frofn 
Kew, bnt could not n:iake out ihat 
their pistils differed in Jtogth 
in diilbreiit plants; and in ail 
tliosi) which i esfliiiined tlio 
stigma stuod close bcuetdii the 
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OxAus (Geuaxiacej!:). 

In 18G-S Mr* Eoland Trirnen wrote to me from tlie 
Cape of Good Ho]:ie that ho had there found sj>ecies of 
Oxalis whicli presented three forms ; and of those he 
enclosed drawings and dried s])ecimens. Of one species 
he collected 43 ilowers from distinct plants^ and they 
consisted of 10 lon^-styled, 12 mid-sty led, and 21 
short- sty led. Of another species he col lectcd 1 3 dowers, 
consisting of 3 long-styled, 7 mid-styled, and 3 short* 
styled. In 1806 Prof* Eildebrand proved* by an ex- 
amination of the specimens in several herbaria that 20 
species are certainly heterostyled and trijnoTphic, and 
61 others almost certainly so* Ho also made some in- 
teresting observations on living plants belonging to 
one form alone ; for at that time he did not possess 
the three forms of any living species. Jlnring the 
years 1864 to 1868 1 occasionally experimented on 
Oxalis speciosa, but until now^ have never found time 
to publish the results. In 1871 Hildebrand published 
an admirable paper f in which ho shows in the case of 
two species of Oxalis, that the sexual relations of the 
three forms are nearly the same as in Lifthrmi saU~ 
caria. I will now give an abstract of his observa- 
tions, and afterwards of my own less complete ones, 
I may premise that in all the species seen by me, tlie 
stigmas of the five straight pistils of the long-styled 
form stand on a level with the anthers of the longest 
stamens In the two other forms. In the m id-styled 



uppermost jintbera. I’he nitmeroua 
stuTueiJs aro gi^bduiited in Eengtij, 
atid the pudJeii-j^rains from tbo 
bmgpst and sboftest ones did not 
prfcbjcut any luarkcHl diilVsreiioe in 
dianiKitti-. Tbfireiore tbesc^; wptscies 
do not o-iipear to bo bekritHstylud. 



* ‘MoTuitaber. der Akiid. der 
Wise, itcrlin; pp. 37a. 
Ho ^ives drawin^js of tho thrvo 
foi ms at p, 43 of bis'Gf^sdiiocbtcr- 
Vertbfdliins.’ &c., 
t * JJot. ZeituDg*' 1871, pp. 41 G 
and 432. 
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Long-atyird. MLd-titylc<L Short-sty led. 

OxALia SPECIOSA (with the petals remoired). 

S S Sy stigmas. The dotted lines with arrow li show which muit 

be carri«Ki to the stigmas for legitimate fertUisatiou^ 



fonn, tiie stigmas pass out between the filainents of 
the longest stamens (as in the short-styled form of 
Limim ) ; and they stand rather nearer to the upper 
anthers than to the lower ones. In the short-styled 

Fig. IL 



form, the stigmas also pass out between the filaments 
nearly on a level with the tips of the sepals. The 
anthers in this latter form and in the mid -styled rise 

if 

to the same height as the corresponding stigmas in the 
other two forms. 

0j;aU3 Valdi viana .^ — This species, an inhabitant of 
the west coast of Srjuth Aruericaj bears yellow I lowers. 
11 ildo brand states that the stigmas of tho three forms 
do not differ in any marked manner, but that the pistil 
of the short-styled form alone is destitute of hairsv 
The diameters of tlie polleU'-grains are as follows : — 



From the longeft staraenA of shoft-Btyled . 

u miil-leTigtli j, 

i, IftDgeat stamena of nUd-Sstyled 

alicrrtest „ 

*T mid-length stniucns of long-jjtyled 

j, shortejit 



Dl\’3flion» oF H*B 
Mk'rometLT. 

. . e to 9 

. . 7 „ e 

. - a 

. . e 

, . 7 
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Therefore the extreme difference in diameter is as 8'5 
to 6j or as 100 to 71, The results of HildebrjiTirra ex- 
periments are given in the follo’n’ing table, drawn np 
in accordance with my usual plan. He fertilised each 
form with pollen from the two sets of anthers of the 
same flower, and likewise from flowers on distinct 
plants belonging to the same form ; but the effects 
of these two closely allied kinds of fertilisation differ 
so little that I have not kept them distinct, 



Table 27, 



Ox<xlis VaMivi<ina {/roTn Hildebrand). 



. rr . 

Xature oi 


Number 

of 

Flowers 

feniltwd. 


Number 

of 

Capsules 

produced. 


Number 

of 

l apnULe. 


Long-stjrled form, bjr pollieii of longest j 
of ehort-styJed. Legitimate! 
union ^ . . , * * ■ ■ ■ [ 


28 


28 


11'9 


Long-aty3fNi form, by pollen of longest 1 
Stamens of ni id-styled. Legitimated 
niiloQ * , H, ) 


21 


2L 


12-0 


Long-fitylcd form^ by pollen of own andj 
own-forDn mid-length stamens. Jllegiti-; 
mate union 


40 


; 2 


6‘5 


Long-styled form, by poUen of own nudj 
own-iVini^ shortest stamens, lllegiti-! 


20 


0 


0 


Long-styled form, by pollen of shortest 1 
staring ns of shcTt^atyled. Illegitimated 
union , . . j 


16 


1 


1 


Long-styled form, by pollen of shortest | 
stftmeutf of mid-sty ledn lllegitirntiU ? 
union 1 


0 


0 


0 
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Table 27 ^ — cojf tin tied. 

Oxaiis VaJdiviatta (from Jfild.fshrfmd'). 



»ture of ITnioTiH 


Number 

of 

FiowerH 

fertilised. 


NiimbiT 

uf 

Capsnlpfl 
pTN duced. 


N»"ttibar 

of 

Seeds per 
UsjMiujc, 


M jii-styleJ form, bj pollen of inlLi-length sta-1 
men$of lon^-styleJ. Legitimate union./ 


38 


S8 




Mill-styled form„ by pollen of mid-length j 
6tamf!H!> of ehort-styled. Legitimate > 
union | 


23 


23 


10^4 


Mid-sty led form, by pollen of own andj 
Own-form longest stameus. Illegitimate^ 
iiiiiLUi 1 


32 


0 


0 


Mid-atyled form^ by pollen of own andj 
own- form shot test stamens* llleg itim ate > 
utiion 


30 


1 


0 


Mid-styled form, by jHiUen of shortest 1 
stamens of long-styled, Itlegitimnte 1 
tiaicn . . . * \ . . ,) 


16 


0 


0 


Mid-ist.yled form, by pollen of longirst sta-1 
mens of short-atyled, lllegitimnte union./ 


16 


2 


2 '5 


Short-styled fonn, by pollen of shortest sta-) 
mens of iong-aty 1 ed. Legit imate un ion , / 


18 


18 


ILO 


Short-iityled form, by pollen of shortest sU-1 
men a of mid-sty led. I^egitimate union */ 


10 


10 


IVA 


Short^tyled form, by pollen of own and 1 
own-form longest stamens. Illegitimate > 
1 


21 


0 


0 


Short-styled form^ by pollen of own andj 
own-form mid-length stamens, lllegiti-' 
mate union | 


22 


0 


0 


Short-styled form, by pollen of longf&t sta-1 
m ens of m id-sty 1 ed. 1 llegitim ate u ni on . / 


4 


0 


0 


Short-styled form, by pdJen of mid-length j 
stamens of loug-styled. HlegitLnate! 



3 


n 

0 


0 
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We liero liavG the rcniarkalile result tliat every one 

mf 

of 13S legitimately fertilised flowers on tlie three forms 
yielded capsules, containing oii an average 11*33 seeds. 
Whilst of the 2o5 illegitimately fertilised flowers, only 
{) yielded capsules, y hich contained 3 ■ S3 seeds on an 
average* Therefore the fertility of the six legitimate 
to that of the twelve illegitimate unions, as judged 
by the proportion of flowers that yielded capsules, is 
as 100 to 2, and as judged by the average number of 
seeds per capsule as 100 to 34. It may be added that 
some plants which w^ere protected by nets did not 
spontaneously produce any fruit ; nor did one which 
was left uncovered by itself and w'as visited by bees. 
On the other hand, scarcely a single flower on some 
uncovered plants of the three forms growing near 
together failed to produce fndt* 

Oxalis Beg7ieJK — ^This sj^ccies bears white flowers 
and inhabits Southern Brazil, Hildebrami says that 
the stigma of tlie long-styled form is somewhat larger 
than that of the mid-sty led, and this than that of the 
short-styled. The pistil of the latter is clothed with a 
few hairs, whilst it is very hairy in the other two 
forms. The diameter of the pollen-grains from both 
sets of the longest stamens equals 9 divisions of the 
micrometer, — that from the mid-length stamens of tho 
long-styled form between 8 and 9, and of the shorts 
styled 8, — and that from the shortest stamens of both 
sets 7* So that the extreme difference in diameter is 
as 9 to 7 or as 100 to 78, The experiments made by 
Hildehraud, which are not so numerous as in the last 
case, are given in Table 28 in the same manner as 
bei'ore* 

The results are nearly the same as in the last case, 
but more striking ; for 41 flowers belonging to the 
three forms fertilised legitimately all yielded capsules, 
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Table 28, 

O-jralia BejneJU (from Ifilchhmndy 



Nature cf UiiiOD. 


Nutnbor 

of 

Flowers 
fertil used. 


Number 

of 

CflpeuloB 

produced. 


Average 
Nurober of 
fieede per 
Capsule. 


I.ong'Btyled fm-inn, by poUeo of longest sta-\ 
of sliort-atyle-d. LegitEniflte uni on] 




0 


10 1 


Long-Styled f by pollen of longest ata-'l 

mens of mid-styled, Legitimfita union ^ 


5 


5 


10-e 


Long-styled form, by pollen of own miJ-1 
length stamens. Illegitimate union ./ 


d 


9 


0 


L>ng-etyled form^ by pollen of O'Wn short- ’i 
cat stamen. Illegitimate union . ./ 


1 


6 


0 


Mid -sty led form, by pollen oflniil-leugtb sta-1 
mens o>f short-styloJ, Legitiinote union/ 


9 


9 


10 ‘4 


Jlid-stylad foe by pollen of mid-Ion h stn-V 

mens of long-styled, legitimate union «/ 


10 


10 


1 

lO'l 


Mid -sty led form, by pollen of own longest! 
stamens. Illegitimate union . . ./ 


9 


0 


0 


llid-stylei fo-rm^ by pollen of own shoi'tejit! 
stamens. Illegitimate union » . ,/ 


13 


0 


0 


M id-styled form, by pollen of longest sta-! 
mena of sbort-stylcd. Illegitimate union/, 


1 


0 


0 


Short-styled form, by pollen of shortest sta-\ 
mens of inid-styled. Legitimate union,/ 


9 


9 


10*6 


Short-styled form, hy pollen of shortest sta-\ 
mens of Img-styledi, legitimate union . J 




P 


9’5 


Short^ityled form, by pollen of own miJ-1 
length stamens. Illegitimate union ./ 


12 


0 


0 


Short-styled form, by pollen of own long-V 
est stamens^ Illegitimate union , ./ 


9 


0 


0 


Short-styled form, by pollen, of raid-length j 
etnmena of long-sty lenl. Illegitimate! 

) 


1 


0 


0 
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containing on an average 10*31 seeds ; ivMlst 39 
flowers fertilised illegitimately did not yield a single 
capsule or seed. Therefore the fertility of the six 
legitimate to that of the several illegitimate unions, 
as indged Loth liy the proportion of fioners Tvhicli 
yielded eaj>sules and hy the average number of con- 
tained seeds, is as 100 to 0. 

Oxalis — This species j which hears pink 

flowers, was introduced from the Cape of Good Rope* 
A sketch of tlio reproductive organs of tho three 
forms (h'ig^ 11) has already been given. The stigma 
of the long-styled form (with the papillae on its sur- 
face included) is twice as large as that of the short* 
styled, and that of the mid-stylcd intermediate in size. 
The pollen-grains from the stamens in the three forms 
are in their longer diameters as follows : — 



Therefore the extreme diiTeTcnce in diameter is as 
16 to 11, or as lUO to 69 ; hut as the measurements 
were taken at different times, they are probably only 
approximately accurate. The results of my experiments 
in fertilising the three forms arc given in the following 
table* 



From the longest stamcDa of shtrft-styled . . 



I)iri4ii'<ns of tLfl 
Mi4:rouiet4^r. 

15 to m 



„ uiid-kugth stamens of long-atykd . 
.. shOrt-GSt nm .. * . 




12 „ la 
16 

11 to 12 
14 
12 
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Tahle 29. 

Oijcalis 



Nature uf 


N limber 

of 

Flowers 

ferlilined^ 


Number 

of 

CspsulcH 

pnKJucetl. 


Average 
Nu^l^(^!T of 
Heeds p«r 
Capsule. 

B 


Long-styled form, by polka of lotigestlj 
itfiioetiM of akoi't-atylei]. Li&gLtiiiiate[ 

union , * . } 


19 


15 


; 57-4 


Long-i^tyled form, by poll e a of loBgeati 
stamens of mid-sty led. Legitimate > 
union ^ | 


4 


3 


59'0 


Long-sty ] imI form, by pollen of own- form! 
mid-length sUmens. Illegitimate union/ 


9 




42^5 


Iflug-stylsiHl form, by pollen of own-form) 
shortest stamens. lilcgitimate union ./ 


11 


0 


‘ 0 


Long-styled form, by pollen of shortest] 
stamens of mid -styled. Illegitimate} 
union 


4 


0 


0 


“ m 

l^ng-^itvled form by pollen of miJ-lcngtbJ 
stameos of short-styled. Illegitimate! 
union. 


12 


5 


30^0 


Mid-styled form, by pollen of mid-length J 
stamens of long-ityled. Legitimate) 
union . ] 


3 


3 


«3‘3 


Mid-styled form, by pHjllen of mid-kugthl 
stamens of short-styled. Legitimate) 
union . . . . ’ 

. » » r . J 


4 




53*3 


Mid-styled form, by miied pollen frotnl 
both own-form longest and shortest' 
stameos. Illegitimate unioiii . , , | 


9 


2 


19 


Mid-styled form, by pollen of longest 1- 
stamens of ehort-st j led. Illegitimate' 
union ....... t . 


12 


1 


8 
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Tablr 29 — conUnti4id, 



Oxalis 9tj)eciosa. 



Nature of Unioti, 


Numbe 

of 

Flo era 
fertilised. 


Number 

of 

Capsules 

preduecd. 


Number of 
Sc.'Odfi per 
Capsuio. 


form, by pollen of shortest j 
stanJ^ns of niid-atyleJ, Legitimate) 

UniDll m * 9 ■ B-fa ■ A I > J 


3 


2 


d7 


Short-styled form, by pollen of shortest I 
sUmeus of long-styled. Legitim ate | 

4-I- " * ■* ■'4^ "J 


“ 




54 ‘3 


Short-styled form» by pollen of own-foi-ml 
longest ataiueu^. JUogiti mate union */ 


5 


1 


S 


Short-styled form, by polkii of oivn-form) 
mid'length stamens. Illegitimate union/ 


3 


0 


0 


Short-styled foi'm, by both pollens mired 
together, of owD-form longest and mid- ^ 
length stamettsi. Illegitimate union , 'i 


13 


a 


0 


Short-styled form, by pollen of longest! 
stJimcns of oiid-styled. lllegitiinatel 

mUiOiOl rir ^ f d m * I I a- IJ 


7 


0 


0 


Short-styled form, by pollen of in id- length] 
stamens of long-styled. Illegitimates 

U^IOI).4 Sl i i -II ■ t- ■ ■■ l| 


10 


1 


54 



We here see that thirtY-sis flowers on the three 
forma logitimatoly fertiliseJ. yielded ifO capsules, these 
containing on an ayerage 58 ‘36 seeds. Ninety-five 
flowers illegitimately fertilised yielded 12 capsules, 
containing on an average 28^58 seeds. Therefore the 
fertility of the six legitimate to that of the twelve 
illegitimate unions, as judged by the proportion of 
flowers wdiich yielded capsules, is as 100 to 15, and 
judged by the average number of seeds per capsule as 
100 to 41). This plant, in comparison with the two 
South American species previously described, produces 

N 
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mtiny more seeds, and tlio illegitimately fertilised 
flowers are not quite so sterile* 

Oxalls rosea. — Hildebrand possessed in a living state 
only the long-styled form of this trimorphic Chilian 
species** The pollen-grains from the two sets of 
anthers differ io diameter as 9 to 7^5, or as 100 to 83, 
He has further shown tliat there is an analogous 
difference between the grains from the two sets of 
anthers of the same flower in five other species of Oxalis, 
besides those already described. The present species 
differs remarkably from the long- styled form of the 
three species previously experimented on, in a much 
larger proportion of the flowers setting capsules when 
fertilised wdth their oivn-form pollen. Hildebrand fer- 
tilised 60 flowers with pollen from the midden gth 
stamens (of either the same or another fioiver), and 
they yielded no less than 55 capsules, or 92 per cent. 
These capsules contained on an average 5*62 seeds; 
but w e have no means of judging how" near an approiWih 
this average makes to that from dowsers legitimately 
fertilised. He also fertilised 45 flowers with pollen 
from the shortest stamens, and these yielded only 17 
capsules, or 31 per cent,, containing on an average 
only 2 '65 seeds* We thus see that about thrice as 
many flowers, wlien fertilised with pollen from the 
mid-length stamens, produced capsules, and these 
contained twice as many seeds, as did the flowers 

mf 7 

fertilised with pollen from the shortest stanicus. 
It thus appears (and find some evidence of 
the same fact with tl. spfioiosa)^ that the same rule 
holds good with Oxalis as with Ly thrum mUouri^y 
namely, that in any two unions, the greater the in- 
equality in length between the pistils and stamens, cr. 



* * Monatiber. dyr Aiiid. der Wisi, BfrSLn,’ 1S6C, p. 
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which IS the same thing, the greater the distance of 
the stigma from the imthcrs, the pollen of which is 
used for fertili&atkm, the less fertile is the union, — r 
whether judged by the proportion of flowers which 
set capsules, or by the average number of seeds per 
capsule. The rule cannot be explained in this ease 
any more than in that of IjythrQiii, by supposing 
that wherever there is greater liability to self-fertilisa- 
tion, this is checked by the union being rendered more 
sterile; for exactly the reverse occurs, the liability to 
self-fertilisation being greatest in the unions between 
the pistils and stamens which approach each other the 
nearest, and these are the more fertile, I may add 

V 

that i also possessed some long-styled plants of this 
species : one w^as covered by a net, and it set spoil ta* 
neon sly a feAv capsules, though extremely few com- 
pared with those produced by a jilaiit growing by 
itself, but exposed to the visits of bees. 

With most of the species of 0 sal is the short-styled 
form seems to bo the most sterile of the three forms, 
when these are illegitimately fertilised; and I will add 
two other crises to those already given. I fertilised 
20 short-- sty led flow^ers of 0, cojjipj'cssa with pollen from 
their own two sets of stamens (the pollen -grains of 
which differ in diameter as 100 and S3), and not one 
produced a capsule. I formerly cultivated during 
several years the short-styled form of a species pur- 
chased under the name of 0. Botvii (but I have some 
doubts whether it was rightly named), and fertilised 
many fl owners w^ith their own tw'o kinds of pollen, 
which differ in diameter in the usual manner, but 
never got a single seed. On the other hand, Hilde- 
brand siiys that the short-styled form of 0, Beppet^ 
growing by itself, yields plenty of seed j but it is not 
positively known that this species is heterostyled ; and 
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the polleo-graitis from the two sets of aiitkeis do not 
difter in diameter. 

Some facts communicated to me by Fritz Miiller 
adbrd excellent evidence of the utter Bteiility of one 
of tlio forms of certain trimorphic spcciea of Oxalis, 
when growing isolated. He has Been in St, Oathariiia, 
ill Brazilj a large field of young augar-canej many 
acres in extent, covered with the red blossom a of one 
form alone, and these did not produce a single seed. 
His own land is covered with the short-styled form of 
a whitedlow'ered trimorphic speciesjand this is equally 
stcTilo ; but when the three forms were planted near 
together in his garden they seeded freely. With two 
other trimorphic species he finds that isolated plants 
are alwavs sterile. 

mf 

Fritz Miiller formerly believed that a species of 
Oxalis, which is so abundant in 8t. Catharina that it 
borders the roads for miles, was dimorphic instead of 
trimorphic. Although the pistils and stamens vary 
greatly in length, as was evident in some specimens 
sent to mo, yet the plants can be divided into two 
seta, according to the lengths of these organs, A 
large proportion of the anthers are of a white colour 
and quite destitute of pollen ; others w'hich are pale 
yellow contain many bad with some good grains ; and 
others again which are bright yellow have apparently 
sound pollen ; hut ho has never succeeded in findiug 
any fruit on this species. The stamens in some of 
the dowers are partially converted into petals. Frits! 
Miiller after reading my description, hereafter to be 
given, of the illegitimate oflspring of various hetero- 
sty led species, suspects that these plants of Osalia 
may be the variable and sterile offspring of a single 
form of some trimorphic species, perhaps accidentiilly 
introduced into the district, which htis since been 
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propagated a sexually. It is probable that this kind 
of propagation would be luiieh aided by there being 
no expenditure in tbc pro<lii0tioTi of seed. 

Omlis {BiophjUtm) sendtiva. — This plant is ranked 
by many botanists as a distinct genus. ■ Mr, Thwaites 
sent me a number of flowers preserved in spirits from 
Ccyloiij and they are clearly trimorpliic. The style 
of the long-styled form is clothe<l with many stjattered 
hairs, both simple and glandiilar ; such hairs are much 
fewer on the style of the mid-sty led, ami quite ab- 
sent from that of the short-styled form ; so that this 
]>laiit resembles in tkia respect 0. Valdiviana and 
EegmUL Calling the length of the two lobes of 
the stigma of the long-styled form 100, that of 
the m id-styled is 141, and that of the short-styled 
lfl4. in all other cases, in which the stigma in this 
genus differs in size in the three forms, the differ- 
ence is of a reversed nature, the stigma of the long- 
styled being the largest, and that of the short-styled 
the smallest The diameter of the pollen-grains from 
the longest stamens being represented by 100, those 
from the mid-length stamens are 91, and those from 
the shortest stamens 84 in diameter. This plant is 
remarkable, as we shall see in tho last chapter of 
this volume, by producing long-styled, mid -sty led, 
and short-styled cleistogamic flowers, 

Jlo7nostyhd Species of 0^^is.-“-Although the majority 
of the species in the large genus Oxalis seem to be 
triniorphie, some are homostyled, that is, exist under 
a single form ; for instance, the common 0. aceto* 
sella, and according to Hildebrand two other widely 
distributed Enropean species, 0, stricta and eormculata. 
Eritz ^fuller also informs me that a similarly consti- 
tuted species is found in St* Catharina, and that it is 
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quite fertile with its own pollen when insects are ex- 
cluded. The stigmas of 0. strida and of another homo- 
styled species, viz. 0* tropspohideSf commonly stand on 
a level with the upper anthers, and lx>th these species 
arc likewise quite fertile when insects are exckidocL 
With respect to acetosellaj Hildebrand says that in 
all the many specimens examined by him the pistil 
exceeded the longer stamens in length. I procured 
108 flowers from the same number of plants growing in 
three distant parts of England ; of these 80 had their 
stigmas projecting eonsidorably above, w'hilst 22 bad 
them nearly on a level with the npper anthers. In 
one lot of 17 flow^ers from the same wood, the stigmas in 
every flower projected fully as much above the upper 
anthers as these stood above the lower antliers. So 
that these plants might fairly he compared with the 
long-styled form of a heterostyled species ; and I at 
first thought that 0. a^etosella was trimorphic. But 
the case is one merely of great variability. The 
pollen-grains from the two sets of anthers, as observed 
by Hildebrand and myself, do not dill'er in diameter. 
I fertilised twelve flowers on several plants with pol- 
len from a distinct plant, choosing those with pistils 
of a different length ; and 10 of these (i.e. 83 per cent.) 
produced capsules, w^hich contained on an average 7 ‘9 
seeds. Fourteen flowers were fertilised with their own 
pollen, and 11 of these (i,e. 70 percent.) yielded cap- 
sules, containing a larger average of seed, namely 0*2. 
These plants, therefore, in function show not the 
least sign of being heterostyled. I may add that 18 
flowers protected by a net were left to fertilise them- 
selves, and only 10 of these (i.e, 55 per cent.) yielded 
capsules, wFich contained on an average only fl* 3 seeds- 
that the access of insects, or artificial aid in placing 
pollen on tho stigma, increases the fertility of the 
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1’ flo'vers ; and I found that this applied especially to 

those Iiaving shorter pistils* It should be Teme]n^ 
bored that the flowers hang downwards, so that those 
e. >vith short pistils would be the least likely to receive 

their own pollen, unless they were aided in some 
manner* 

C Finally, as Hildebrand has remarked, there is no 

i evidence that any of the heterostyled species of Oxalis 

H are tending towards a dicecions condition, as Zuccarini 

■» and Lindley interred from the differences in the re- 

^ productive organs of the three forms, the meaning of 

5 which they did not understand. 

I 

r PONTEDERIA [SP. ?] (PoNTEDESIACE.E). 

Frits: Mhller found this aquatic plant, which is al- 
ii lied to the Liliaceffi, growing in the greatest profusion 

d on the b^^nks of a river in Southcni Brazil.* But only 

i t\vo forms were found, the flowers of which includo 

i three long and three short stamens. The pistil of the 

i long-styled form, in two dried flowers which were sent 

i- me, was in length as 100 to 32, and its stigma as 100 

i to SO, compared with the same organs in the short- 

j styled form. The long-stylctl stigma projects conside- 

J rably above the upper anthers of the same flower, and 

I stands on a level with the upper ones of the short-styled 

r form* Tn the latter the stigma is seated beneath both its 

I oAvn sets (jf anthers, and is on a level wdth the anthers 

I of the shorter stamens in the long-styled form. The 

I anthers of the longer stamens of the short-styled form 

. are to those i>f the shorter stamens of the long-styled 

I form as 100 to 88 in length. The pollen -grains distended 
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with water from the longer st^imena of the short-styled 
form are to those from the shorter stamens of the same 
form as 100 to 87 iu diameter, as deduced from ten 
measurements of each kind. Wo thus see that the 



organs in these two forms differ from one another 
and are arranged in an analogous manner, as in the 
long and short-styled forms of tho trimorphic species 
of Lythnim and Oxalis. Moreoverj the longer stamens 
of the long-styled form of Ponte deria, and the shorter 
ones of the short-styled form are placed in a proper 
position for fertilising the stigma of a mid^styled form. 
But Fritz Miillcrj although he examined a vast number 
of plants, could never find one belonging to the mid- 
sty led form- The older flowers of the long-stvled 
and short-styled plants had set plenty of apparently 
good fruit; and this might have been expectedj as 
they could legitimately fertilise one another. Al- 
though ho could not find the mid-stydod form of 
this species, he possessed plants of another species 
growing in his garden, and all these were mid-sty led ; 
and in this case the pollen-gmins from the anthers of 
the longer stamens w^ere to those from the shorter sta- 
mens of the same flower as 100 to 8d in diameter, as 
deduced from ten measurements of each kind. These 



mid-sty led plants growing by themselves never pro- 
duced a single fruit 

Considering these several facts, there can hardly be 
a doubt that both these species of Pontederia are 
hetcrostyied and trimorphic. This case is an in teres t- 
iiigono, for no other Munocotyledonous plant is known 
to be heterostyled, ^roreover^ the dowers are irregular, 
and all other lietorostyleJ plants have almost sym- 
metrical flowers. The two forms differ somew^hat iu 
the colour of their corollas, that of the short^styled 
being ot a darker blue, whilst that of the long-styled 
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tends towards violet, and no other siieli ease is known » 
Tjastly, the three longer stamens alternate with the 
three shorter ones^ whereas in Ly thrum and Oxalia 
the long and short stamens belong to distinct whorls. 
With respect to the absence of the m id-styled form in 
the case of the Pontederia which grows w ild in Southern 
Brazil, this would probably follow if only two forms 
had been originally introduced there ; for, as ive shall 
hereafter see from the observations of Hildebrand, 
Fritz Muller and myself, when ono form of Oxalis is 
fertilised exclusively by either of the other two forms, 
the offspring generally belong to the two parent- 
forms. 

Fritz Muller has recently discovered, as he informs 
me, a third species of Pontederia, with all three forms 
growing together in pools in. the interior of S* Brazil ; 
so that no shadow of doubt can any longer remain 
about this genus including trimorphic species* lie 
sent me dried flowers of all three forms. In tho long- 
styled form the stigma stands a little above the tips of 
the petals, and on a level with the anthers of the 
longest stamens in tho other two forms. The pistil is 
dll length to that of the mid-sty led as 100 to 56, and 
to that of the short-styled as 100 to 16. Its summit is 
rectangularly bent upwards, and the stigma is rather 
broader than that of the mid-st vied, an<l broader in 
about the ratio of 7 to 4 than that of the short-styled. 
In tho mid -styled form, the stigma is placed mther 
above the middle of the corolla, and nearly on a level 
with the mid-length stamens in the other tw-o forms : 
its summit is a little bent upwards* In the short- 
styled form the pistil is, as we have seen, very short, 
and differs from that in the other two forms in being 
straight* It stands rather beneath the level of the 
anthers of the shortest stamens in the long-styled and 
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mid -styled forms. Tlie tliree antlieTs of each set of 

st^imens, more especmlly those of the shortest stamens, 
are placed one beneath the other, and the ends of the 
filaments are bowed a little upwards, so that the pollen 
from all the anthers would be efifectivelv brushed off 

■w 

hy the proboscis of a visiting insect. The relative 
diameters of the pollen-grains, after having been long 
soaked in water, are given in the following list, as 
metiaured by my son Francis. 

JXvIstnm of tbc 
MicrcMneleTh 

l^ng-Atyl^d from the mid -length Etnmeild * . , 13 '2 

(Average of 20 m«:ii5Ul emebts.) 

„ „ from the ehflrtest stmnftus . . . . 9-0 

(10 meo^uTcmont^.) 

i^Iid-Dtyl«d form, fiom the loagest stamens . . * * 16 't 

(15 tiiotisiuremebts,) 

^ I, fivTu the ehoiteift stnmebii . h » > ^'1 

(20 bieaeurements. ) 

Short-styled form, frctm the longest stFiTnebs .... 14* G 

(20 ro^Hsuremehts.) 

„ „ from the mid-length HtAmena , . . 12 '3 

(20 measurements.) 

Wo have here the usual rule of the grains from the 
longer stamens, the tulM]!s of wdiich have to fvenetratc 
the longer pistil, being larger than those from the 
stamens of leas length. The extreme difference in 
draineter between the grains from the longest stamens 
of the mid-styled form, and from the shortest stamens 
of the long -sty led, is as 16*4 to 9*0, or as 100 to o5 ; 
and this in the greatest difference observed by me in 
any heterostyled plant It is a singular fact that the 
grains from the correspoiuling longest stamens in the 
two forms differ considerably in diameter ; as do those 
in a lesser degree fn>m the corresponding inid*length 
stamens in the two forms ; w hilst those from tho cor- 
resjMjixding shortest stamons in the long- and mid- 
sty led forms arc almost exaetly equal. Their in- 
equality iu the two first cases depends on the grains 
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in both sets of anthers in the short- styled form being 
smaller than those from the corresponding anthers in 
the other two forms ; and here we have a case parallel 
witli that of the mid-sty led form of Lytkrimi salimrm. 
In this latter plant the pollen-grains of the mid-styled 
forms are of smaller size and have less fertilising power 
than tlie corresponding ones in the other two forms ; 
whilst the ovarium j however fertilised^ yields a greater 
number of seeds ; so that the mid-style d form is alto- 
gether more feminine in nature than the other two 
forms. In the case of Pontederia, the ovarium in- 
cludes only a single ovulc^ and what the meaning of 
the difi'erence in size between the pollen -grains from 
the corresponding sets of anthers may be, I will not 
pretend to conjecture. 

The clear evidence that the species just described is 
heterostyled and trimovphic is tlie more valuable as 
there is some doubt with respect to P, eoniata, an in- 
habitant of the United States, Mr. Leggett suspects* 
that it is either dimorphic or trimorphiCj for the 
pollen-grains of the longer stamens are ^*more than 
twice the diameter or than eight times the mass of 
the grains of the shorter stamens, Thongiv minute, 
these smaller grains seem as perfect as the larger 
ones,'^ On the other hand, he says that in all the 
mature flowers, “ the style was as long stt least as 
the longer stamens ; ” “ whilst in the young flowers 
it w^as intermediate in length between the two sets of 
stamens and if this be so, the species can hardly be 
heterostyled, 

* ‘ Ball, of the Torrey Botjmical CJub," 1S75, vol. ^i. p, 6^. 
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CHAPTER V. 

ri.liEGrrTMAT!E OrFfll'KlNO 0? HeTEI^STYLED PtANTg. 



lUc^tiniatii offspring from all three forma of Ly thrum saliunm^ — Their 
dwarfed stature and sterility^ eonie Titterly barreo, goTno fertile^ 
Ojittlioi, transmission of form to tho legUimato and iUe^gitimate 
fieedimgg — Primula Sinensis^ illegitimate offspring in some degree 
dwarftNi and infertile — Equality led varieties of P. Riiicnsis, auri’ 
' cula, lattnosa, and idatior— P. Vulgar Ee, red-fiowered variety^ illegi- 
timate secdlingB sterile— P. veria, illegitiinjate plants raised during 
fleveral successive generation b, their dwarfed stature and aterility— 
Equal -sty led varieties of P. veris— Transrniasion of form by Pul- 
monaria and Polygutiiim — Clenoludiiig re taarka— Close parallelism 
between illegitimate fertilisation and hybridiam. 

We have hitherto treated of the fertility of the flow^ers 
. of heterostyled plants, when leg-itimately and illegiti- 
mately fertilised. The present chapter will be devoted 
to the character of their offspring or seedlings. Those 
raised from legitimately fertilised seeds will be here 
called legitimate seedlinfjfH or and those from 

illegitimately fertilised seeds, iUeffitmate s^edUn^s or 
plants. They differ chiefl y in their degree of fertilitVi 
and in their powers of grow th or vigour, I will begin 
with triiuorphic plants, and I must remind the reader 
that each of tho three forms can he fertilised in six 
difterent ways ; so tliat all three together can he ferti- 
lised in eigliteen different ways. For instance, a 
long-styled form can he fertilised legitimately by the 
longest stamens of the mid-sty led and short -styled 
forms, and illegitimately by its owm-form mid^length 
and shortest stamens, also by the mid-length stamens 
of the mid- styled and by the shortest stamens of the 
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short-styled form; so that tlio long-styled can be ferti- 
lised legitimately in two ways and illegitimately in 
four ways* The same holds good with respect to the 
mid-sty led and short-styled forms. Therefore with 
tri morph ic species six of the eighteen unions yield 
legitimate oflsprii^g, and twelve yiehl illegitimate 
offspring. 

I will give the results of my experiments in detail, 
partly because the ol>servations are extremely trouble- 
some, and will not probably soon be repeated — thns^ I 
vas compelled to count under the microaempe above 
20,0(K) seeds of Lyihrum mlimria — but chiefly because 
light is thus indirectly thrown on the imj^KJrtaiit sub- 
ject of hybridism, 

LyTHRUM 8ALICARIA* 

Of the twelve illegitimate unions two were com- 
pletely barren, so that no seeds were obtained, and of 
course no seedlings could be raised, Seedlings were, 
however, raised from seven of the ten remaining il- 
legitimate unions. Such illegitimate seedlings when 
in flower were generally allowed to be freely and 
legitimately fertilised, through the agency of bees, by 
other illegitimate plants belonging to the two other 
forms growing close by* This is the fairest plan, and 
was usually followed ; but in several cases (w'hich 
will always be stated) illegitimate plants were ferti- 
lised with pollen taken from legitimate plants be- 
longing to the other two forms ; and this, as might 
have been expected, increased their fertility. IjythvuM 
^alicaria is much affected in its fertility by the nature 
of the season ; and to avoid error from this source, 
as far as possible, my observations were continued 
during several years* Some few experiments were 
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tried in The summer of 18(H was too tot and 

drvj and tlioiigh the plants wero copiously watered, 
some few aj>parently sullered in their fertility, whilst 
others were not in the least affected. The years 
18G5 and, especiiilly, 18 GG, were highly favourable. 
Only a few observations were made during 1867, 
O' he results are arriinged in classes according to the 
parentage of the plants. In each case the average 
number of seeds per capsule is given* generally taken 
from ten capsules, which, accor<ling to my experience, 
is a nearly sufficient number. The maximum niini" 
her of seeds in any one capsule is also given ; and 
this is a useful point of com]>arison with the nor- 
mal standard — that is, with the number of seeds 
produced by legitimate plants legitimately ferti- 
lised. I will give likewise In each, case the minimum 
number, When the maximum and minimum differ 
greatly, if no remark is made on the subject, it may 
be understood that the extremes are so closely con- 
nected by intermediate figures that the av^erage is a 
fair one. Large capsules ivere always selected for 
counting, in order to avoid over-estimating the infer- 
tility of the several illegitimate plants. 

In order to judge of the degree of inferiority in 
fertility of the several illegitimate plants, the folloiv- 
ing statement of the average and of the maximum 
number of seeds produced by ordinary or legitimate 
plants, when legitimately fertilised, some artificially 
and some naturally, will serve as a standard of com- 
parison, and may in each, case he referred to. Hut I 
give under each experiment the percentage of seeds 
liroduced l>y tlie illegitimate plants, in comparison 
with the standard legitimate number of the same 
iorm. For instance, ten capsules from the illegitimate 
long-styled plant (Xu. lU), wdiich was legitimately 
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and natnmlly fertilised by other illegitimate plants, 
contained on an average 44 "2 seeds; whereas the 
capsules on legitimate long^styled plants, legitimately 
and natuTally lertilised by other legitimate plants, 
contained on an average 93 seeds* Therefore this 
il legitim ate plant yielded only 47 per cent, of the 
full and normal comjilement of seeds. 



Siandard Nnml)Gr of Seeds prodiwed hy Legitimate Plants 
of the three FormSj wJi^n legitimatety fertiJhed^ 

Long-styled form : average number of seeds in each 
capsule, 93 ; maximum number observed out of twenty- 
three capsules, 159. 

!Mid-styIed form : average number of seeds^ 130 ; 
maximum number observed out of thirty-one capsules, 
151. 

Short-styled formt averages number of seeds, 83 ‘5 ■ 
but we may, for the sake of brevity, say 83 ; maximum 
number observed out of twenty-five capsules, 112. 

Classes 1. and II* lUegithnate Plants raised from 
Long-dgJed Parents feriilked idth follen from the 
middengih or the shortest stamens of other of 

the same form. 

From this union T raised at different times three 
lots of illegitimate seedlings, amounting altogether to 
5fj plants, I must premise tliat, from not foreseeing 
tlie result, I did not keep a memorandum wliether the 
eiglit plants of the first lot wero the product of the 
mid-length or shortest stamens of the same form ; but 
I have good reason to believe that they were the j)ro- 
duct of the latter. These eight plants were much more 
dwarfed, and much more sterile than those in the other 
two 1<jU. The latter wero raised from a long-styled 
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plant growing quite isolated, and fertilised by the 
agency of bees witk its own pollen i and it k almost 
certain, from the relative position of the organs of 
fructification, tliat tho stigma imder these circum- 
stancea would receive pollen from the mid-length 
stamens. 

All the fifty -six plants in these three lots proved long- 
styled ; now, if the parent-plants liad been legitimately 
fertilised by pollen from the longest stamens of the 
mid-sty led and short-styled forms, only about one- 
third of the seedlings would have been long-styled, 
the other two-thirds being mid-styled and short-atyled. 
In some other trimorphic and dimorphic genera, we 
shall find the same curious fact, namely, that the long- 
styled form, fertilised illegitimately by its owu-form 
pollen, produces almost exclusively long-styled seed- 
lings,* 

The eight plants of the first lot were of low stature : 
three which I meiisiired attained, ivhea fully grown, the 
heights of only 28, 20, and 47 inches ; whilst legitimate 
plants growing close hy were double this height, one 
being 77 inches. They all betrayed in their general 
appearance a weak constitution ; they flowered rather 
later iu the season, and at a later age than ordinary 
plants* fclome did not flower every year ; and one plant, 
behaving in an unprecedented maimer, did not flower 
until three years old. In tho two other lots none of 
the plants grciv quite to their full and proper height, 
as could at once be seen by comparing them with the 
adjoining rows ot legitimate plants. In several plants 
in all three lots, many of the anthers were either 
shrivelled or contained brown and tough, or pulpy 

* Uiliebjt^ind first cftUed utteii- of FnmuJa SiBeiww; bat hia r&- 
Uan ^ liflt, Ztiitung, Jan. 1, Bqly wero uut nebktly ao uiiilbria 

p. i>j Ut tbia fiiut iu tLo case aa jiiiue. 
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matter, without auy good pollen-grains, and they never 
shed their contents ; they were in the state designated 
by Gartner* as contaheseent, which term I will for the 
future use. In one flower all the anthers were coiita- 
bescent excepting two which appeared to the naked 
eve sound ; but under the microscope about two- thirds 
of the pollen-grains were seen to be small and shrivelled. 
In another plant, in which all the anthers appeared 
sound, many of the pollen- grains were shrivelled and 
of unequal sizes. I counted the seeds produced hy 
seven plants (1 to 7) in the first lot of eight plants, 
probably the product of parents fertilised by tlieir 
own-form shortest stamens, and the seeds produced hy 
three plants in the other two lots, almost certainly the 
product of parents fertilised hy their own-form mid- 
length stamens. 

Flmit 1. This long-stykd plant was allowed during 1S6B to 
bo freely and legitimately fertili&ed by an adjoining illegitimate 
miii-styled plant, but it did not yield a single seed-capsulc. It 
was then removed and planted in a remote place close to a 
brother long-styled plant Ko. % so that it must have been freely 
though illegitimately fertilised ; under these cirouinstances it 
did not yield during 1864 and 1865 a single capsule. I should 
here stale that a legitimate or ordinary long-styled plant, when 
growing isolated, and freely though illegitimately fertilised by 
insects with its own polleuj yielded an immense number of 
capsules, which contained on an average 21 "5 seeds. 

Plant 2. This long-styled plant, after flowering during 1863 
close to an illegitimate mid-sty led plant, produced less than 
twenty capsules, which contained on an average between four 
and five seeds. Wlien subsetiuently growing in company with 
No. 1, by which it will have been illegitimately fertilised, it 
yielded in 1806 not a single capsule, but in 18G5 it yieltlcd 
twenty-two capsules : the best of these, fifteen in number, were 
e^camiued; eight contained no seed, and the remaining seven 
contained on an average only three seeds, and these seeds were 



* ^ Beitmge zur Kenntiiiss der Befmcbtcing,’ 1844, p. 116. 
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smsill and sbti veiled that I doubt whether they would have 
pfermiuftted. 

3 and 4. These two long-styled plants, after being 
freely and legitimately fertilised during 1B63 by the pame ille- 
gitimate niid-styled plant as in the last case, were as miserably 
sterilo as No. 2. 

riant 5. This long-styled plant, after flowering in 18G3 close 
to an illegitimate mid-sty led plant, yielded only four oapsides, 
which altogether included only five seeds- During 18(3 h iBBo, 
and 1866, it was surrounded either hy illegitimate or legitimate 
plants of the other two forms ; hut it did not yield a single 
capsule. It was a snporfiuoue esperimentj but I likewise arti- 
ficially fertilised in a legitimate manner twelve flowers ; bnt not 
one of tliese produced a capsule ; so that this plant was altnoat 
absolutely barren, 

Plant 6. This long-«tyled plant, after flowering during the 
favourable year of 186Gj surrounded by illegitimate plants of 
tlio other two forms, did not produce a single capsule. 

Plant 7. This long-sty led plant was the most fertile of the 
eight plants of the first lot. During 1865 it w as siirrounded by 
illegitimate plants of various parentage, many of which were 
highly fertile, and must thus have been legitimately fertiliRed- 
It produced a good many capsules, ten of which yielded an 
average of 36 1 seeds, with a maximum of 47 and a mininmin 
of 2‘2 ; so that this plant produced 39 per cent, of the full 
number of seeds. During 1804 it was surroimded by Icgidmato 
and illegitimate plants of the other two forms; aud nine 
eapsules (one poor one being rejected) yielded an averaga of 
41 9 seeds, w ith a maximum of 56 and a minimum of 28 ; so 
tliat, under these favourable circumstances, thia plant, the most 
fertile of the first lot, did not yield, when legitimately fertilised, 
quite 45 per cent, of the full complement of seeds, 

Ju tho second lot of plants in tlie present class 
descended from the long-styled form, almost certainly 
fertilised with pollen from its own mid-length stamens, 
the plants, as already stated, w ere not nearly so dwarfed 
or so sterile ag in the first lot. All produced plenty 
of capsules, I counted the numljer of seeds In only 
three plants, viz. Nos, 8, 9, and 10, 
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Plant a Thh plant '?ras allowed to Ijo freely fertilised in 1861 
by legitimate and illegitimate plants of the other two formg, 
and ten capsules yielded on an average H ■ 1 geede, with a maxi- 
mum of 73 and a minimum of H. Hence this plant produced 
only 44 per cent, of the full complement of seeds. 

Flant 9. This long-styled plant was allowed in 1865 to l>e 
freely fertilised by illegitimate plants of the other two forms, 
most of which were moderate! y fertile. Fifteen capsules yielded 
on an average 57 'I seeds, Mith a maximnm of 86 and a mini- 
mtim of ff cnce the plant yielded 68 per cent, of the full 
complement of seeds- 

riant 10. This long-style<l plant was freely fertilised at tho 
Fame time and in the same manner as the last. Ten capsules 
yielded an average of 44 -2 soods, with a maximum of 69 and a 
minimum of 25; hence this plant yielded 47 per cent, of the 
full complement of seeds. 

The nineteen long-stykd plants of the thirri lot, of 
the same parentage as the last lot, were treated dif- 
ferently ; for they flowered during 1867 by themselves 
so that they must have been illegitimately fertilised 
by one another. It has already been stated that a 
legitimate long -styled plant, growing by itself and 
visited by insects, yielded an average of 21 ”5 seeds 
per capsule, witli a maximum of 35 ; but, to judge 
fairly of its fertility, it ought to have been observed 
during successive seasons* We may also infer from 
analogy that, if several legitimate long-styled plants 
were to fertilise one another, tlie average number of 
seeds would be increased ; but how much increased 
i do not know^ ; hence I have no perfectly fair standard 
of comparison by which to judge of the fertility of the 
three following plants of the present lot, the seeds of 
which I counted* 

Ph7ii 11. This iong-styled plaut produced a large crop of 
capsules, and in this respect wag ouo of the most fertile of 
the whole lot of nlneteon plante- But the average from ten 

O 2 
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capsules was only 3o 9 seeds, with a maximum of 60 and 
a minimum of 8. 

Phrit 13. This lon^-fitylfid plant prod need very few capsules, 
and ten yielded an average of only 15 ■ 4 seeds, with a maximum 
of 30 and a mmimum of 4. 

rimit 13. Tliifl plant offers an anomalous case \ it flowered 
profusely, yet produced very few capsules; but these con- 
tained numerous seeds. Ten capsules yielded au average of 
71*9 seeds, with a maxiuinm of 95 and a minimum of 29. Con- 
sideriuf^ that this plant was illegitimate and illegitimately fe> 
tilised by its brother long-elyled seodlings, the average and the 
maximum are so remarkably high that I cannot at all undo 
stand the case. We should remember that the average for a 
legitimate plant legitimately fertilised is 93 seeds. 



Class III. lUe^itimaie Plants raised fro7n a Short- 
stfjled Parent fertilised u'ith poUm from ow7i-form 
mid-length stamens. 

1 raised from this union nine plants, of which eight 
were shori-styled and one long-atyled ; so that there 
seems to be a strong tendency in this form to repro- 
duce, when self-fertilised, the parent-form; hut the 
tendency is not so strong as ivith the long-styled. 
These nine plants never attained the full height of 
legitimate plants grawing close to them. The anthers 
wero contabescent in many of the flowers on several 
plants. 



Plant 14. This short sty led plant was allowed during 1865 to 
bo freely legitimately fertilieed by illegitimate plants de- 
scended from self-fertilised mid-, long-, and short-styled plants. 
Fifteen capsules yielded au average of 28 "3 seeds, with a 
maximum of 61 aud a minimum of II ; hence thia plant 
produced only 33 per cent, of the proper numl)er of seeds. The 
seod.s themselves were smalt and irregular in shape. Although 
BO sterile on the female side, none of the anthers w'ers conta- 
l>e.sccut. 

Plant 15. This short-styled plant, treat&l like the last during 
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the same year, yielded an average, from fifteen capsules, of 27 
seod.s, with a maximum of 49 and a minimum of 7* But two 
poor eapsules may be rejected, and then the average rises to 
32 *6, with the same maximum of 49 and a minimum of 20; so 
that this plant attained 3S per cent, of the normal standard of 
fertility, and was rather more fertile than the last, yet many of 
the anthers were contaheseent* 

r^ant 16. This short-styled plant, treated like the two last, 
yielded from ten capsules an average of 77 ’8 seeds, with, a 
maximum of 97 and a minimum of 60 ; so that this plant 
produced 94 i^er ceni of the full number of seeds* 

Plant 17. Tins, the one long-styled plant of the same parent- 
age as the last three plants, when freely and legitimately ferti- 
lised iu the same manner as the last, yielded an average from 
ten capsule.s of 76*3 rather poor seeds, with a maximum of 88 
and a minimum of 57. Hence this plant produced 82 per cent, 
of the proper number of seeds. Twelve Hoovers enclosed in a 
net were artilicially and legitimately fertilised with jjollen from 
a legitimate short-styled plant ; and nine capsules yielded an 
average of 82 5 seeds, with a maximum of 98 and a minimum 
of 51; so that its fertility was increased by the action of 
pollen from a legitimate plant, hut still did not reach the normal 
standard. 

Class 1Y* lUe^ithnate Plants raised from a Mid-styhd 
Parent fertiUsed with jJoUen from own form longest 
stamens. 

After two trials, I succeeded in mislng only four 
plants from this illegitimate union. These proved, to 
be three mid- sty led and one long-atyded ; but from so 
email a number we can hardly judge of the tendency 
in inid-styled plants when self-fertilised to reproduce 
the same form. These four j>lanta never attained their 
full and normal height ; tho long-styled plant had 
several of its anthers contabescent 

Plant 18. This mid-sty led planh when freely and legitimately 
fertilised during 1805 by illegitimato plants descended from 
Belf-fcrtilised long-, short-, and mid-sty led plants, yielded an 
average from ten capsules of 102 ■ 6 seeds, with a niasiraum of 
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131 and a minimum of C3: thcneo Ihia plant did not produce 
quite 80 per cent, of the normal numtwr of seeds. Twehc 
flowers were artificially and legitimately fertiliaed with pollen 
from a legitimate long-styled plant, and yielded from nine 
capsules an average of llfi"! seeds, ivhich were finer than 
in the previous case, with a maximum of 135 and a minimum 
of 75; BO that, as with Plant 17, pollen from a legitimate 
plant increased the fertility, but did not bring it up to the full 
standard. 

i^kmt 19. This mid -styled plant, fertilised in the same manner 
and at tho same j>eriod as the last, yielde<l an average from 
ten capsules of 73 4 seeds, with a maximum of S7 and a mini- 
mum of C4 : hence this plant produced only 56 per cent, of the 
full number of seeds. Thirteen flowers were artificially and 
legitimately fertilised ivith pollen from a legitimate long-styled 
plant, and yielded ten capsules with an average of US'S seeds; 
so that the application of pollen from a legitimate plant added, 
as in the two previous eases, to tho fertility, but did not bring 
it lip to the proper standard. 

Plant 20. This long-styled plant, of the same parentage with 
the two last mid-sty led plants, and freely fertilised in the same 
manner, yielded an average from ten capsiilea of 69 "6 seeds, 
with a maximum of 83 and a minimum of 52 : hence this plant 
produced 75 per cent, of the full number of seeds. 

Class Y. Illegitimate PlanU rairnd from a Short-^yled 

Parent fertilised \vith ^loUen from the middength 

stmnem of the long-styled form. 

In the four previous classes, plants raised from the 
three forms fertilised with pollen from either the longer 
or shorter stamens of tho same form, but generally not 
from the same plant, have been deseribed. Six other 
illegitimate unions are possible, namely, between the 
three forms and the stamens in the other two forms 
which do not correspond in height, with their pistils. 
But 1 succeeded in raising plants from only three of 
these six unions. From one of them, forming the pre- 
sent Class Y,, twelve plants were raised ; these con- 
sisted of eight short-styled, and four long-styled plants, 
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with not one mid-sty led* Tlieso twelve plants never 
attained quite tlieir full and proper height, but by nu 
means deserved to be (iallod dwarfs. The anthers in 
same of the llowers were contabescent* One plant was 
reinarhable from all the lunger stamens in every tiower 
and from many of the shorter one$ having their 
anthers in this condition. The pollen of four other 
plants, in which none of the anthers were conta- 
bescent, was examined ; in one a moderate number of 
grains w^ere minute and ahri veiled, but in the other 
three they appeared perfectly sound- With respect to 
the powder of producing seed, five plants (Nos. 21 to 
25) were observed : one yielded searcely more than 
half the normal number; a second was slightly infer- 
tile ; but the three others actually produced a larger 
average number of seeds, with a higher maximum, 
than the standard. In my coucludiug remarks I shall 
recur to this fact, which at first appears inexplicable. 

FlatU 21. This siiort-stylctl plant, fredy and legitimately 
fertilised during 1865 by illegitimate plants, descended from 
self-fertilised long-, mid-, and sbort-etylcd parents, yielded an 
average from ten capRules of 48 soeds, with a maxiimim of 63 
and a minimum of 26 ; hence tliis plant, which wan the one 
with all its longer and many of its shorter stamens contabeseent , 
produced only 52 per cent, of the proper number of soede. 

Plant 22. This short-styled plant produced perfectly sound 
poUeu, as viewed under the microscopo. During 1866, it was 
freely and legitimately fertilised by other illegitimate plants 
belonging to the pressent and the following cla.sa, both of which 
include many highly fertile pUnts. Under these circiirastances 
it yielded from eight eapaules an average of 100 '5 seeds, with 
a maxiinum of 123 and a minimum of 86 ; so tbiit it produced 
121 per cent, of seeds in comparison with the normal standard. 
During 1864 it was allowed to be freely and legitimately ferti- 
lised by legitimate and illegitimate plants, and yielded an 
average, from eight capaulea, of 104*2 seeds, with a maximum 
of 125 aud a miniuium of 00; consoquently it exceeded the 
normal standard, producing 125 per cent, of seeds. In this 
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cAse» as in some previous oa^es, iwUen from legitiTnafo plants 
added in a small degrea to the fertility of the plant; and the 
fertility would^ perhaps, have been still greater had not the 
summer of 18G4 been very hot and certainly unfavourable to 
some of the plants of Ly thrum. 

Plant 23. This BhoTt-styled plant produced perfectly sound 
pollen. During 1866 it was freely and legitimately fertilised by 
the other illegitimate plants specified, under the last experi^ 
ment, and eight capsules yielded an average of 113 . 5 seeds, 
with a maximum of 123 and a minimiitn of 93. Hence this 
plant exceeded the normal standard, prodnciiig no less tliun 136 
per cenh of seeds. 

F}(ivt 24, This long-styled plant produced pollen which 
seemai nntler the microseopo sound ; but some of the grains 
did not swell w’hcu placed in water. During 1864 it was 
legitimately fertilised by legitimate' and illegitiniate plants in 
the same manner as Plant 22, but yielded an average, from ten 
capsules, of only 55 seeds, w'ith a maximum of 88 and a mini- 
mum of 24, thus attaining 5U per cent, of the normal fertility. 
This low degree of fertility, I presumOj was owdng to the un- 
favourable season ; for during 1866, when legitimately fertilised 
by illegitimate plants in the manner described under No. 22, it 
yielded an average, from eight capsules, of 82 seeds, with a 
maximum of 120 and a minimum of GT, thus producing 88 per 
cent, of the normal numl^er of seeds* 

Plant 2b, The pollen of this long-styled plant contained a 
moderate number of pioor and shrivelled grains ; and this is a 
surprising circumstance, as it yielded an cxtraordinaiii^ number 
of sceda. During 1866 it was freely and legitimately feriilhied 
by illegitimate plants, as deBcril>ed under No. 22, and yielded 
an average, from eight capsules, of 122 5 seeds, with a maximum 
of 149 and a minimum of 84. Hence this plant exceeded 
the normal staudard, producing no less than 131 per cenh of 
seeds, 

Cl.\S3 \I. Hhgiiimate Plants raued from Mid-^tghd 
PaTf^mts feriili^d iHili jgollen from ths shorHsi 
stamens of the hng-styhd form. 

I raised from this union twenty- five planta, w'hich 
proved to bo seventeen long^styled and eight mid- 
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styled, but not oiio skort-styled. None of tbese plants 
were in the least dwarfed. I examined, during the 
highly favourable season of ISdOj the jiollen of four 
plants ; in one mid-sty led plant, some of the anthers of 
the longest stamens were contabe scent, hut the pollen- 
grains in the other anthers were mostly sound, as 
they were in all the anthers of the shortest stamens ; 
in two other m id-styled and in one loug-styled plant 
many of the pollen-grains were small and shrivelled : 
and in the latter plant as many as a fifth or sixth part 
appeared to be in this state. I counted the seeds in 
five plants (Nos. 26 to 30), of which two were mode- 
rately sterile and three fully fertile. 

Plant 26. This mid-styled plant was freely and legitimately 
fertilised, during the rather unfavourable year 1S(>4, by numer- 
ous BUiTOUDding legitimate and illegitimate plautB. It yielded 
an average, from ten capsules, of 83*5 seeds, with a inasirmim 
of 11 0 and a minimum of G4, tlma attaining 64 per cent, of tho 
normal fertility. During the highly favourable year 1866, it 
was freely and legitimately fertilised by illegitimate plants 
belonging to the present Class and to Class V., and yielded 
au average, from eight capsules, of B6 seedi, with a majumum 
of 109 and a minimum of 61, aud thus attained 66 per cent, 
of the normal fertility. This was the plant with some of the 
anthers of the longest stamens contabescent as above mentioned* 

Phint 27. Tills mid-etyied plant, fertilised during 1864 in the 
same manner as the last, yielded an average, from ten capsules, 
of 99 4 seeds, w'lth a masimum of 122 and a minimum of 53, 
thus attaining to 76 jicr cent, of the normal fertility. If the 
season had been more favourable, its fertility would probably 
have been somewhat greater, but, judging from the last experi- 
ment, only in a slight degree. 

Plant 38, This mid-styled plant, when legitimately fertilised 
during the favourable season of 1866, in the manner described 
un<ler No. 26, yielded an average, from eight capsules, of 89 
iseeds, with a maximum of 119 and a minimum of 69, thus pro- 
ducing 68 per cent, of tlie full number of seeds. In the pollen 
of lx>th sets of anthers, nearly as many graiiis were small and 
fchri Yelled as sound, 
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Plant 29. Thia long-atylcd plant T?aJ? legitimately fertilieed 
during tlie unffiYOurable scaeon of 1864* in the rnimner described 
under No, 26, and yielded an average, from ten capsules, ef 
84 -6 JseedH, vrith a maximum of 132 and a minimum of 47, thus 
attaining to 91 per cent^ of the nomial fertility* During the 
highly favourable eeaRon of 1866, when fertilised in the manner 
described under No^ 26, it yielded an average, from nine cap- 
sules {one poor capsule having been esduded), of lOO seeds, 
with a maxiraura of T21 and a minimum of 77. This plant thus 
exceeded the normal standartl, and produced 107 per cent, of 
seeds. In both sets of anthers thei^ were a good many Imd and 
filirivclled pollen-grains, but not so many as in the last-deacribed 
plant. 

Flmit 30, This long*styled plant was legitimately fertilised 
during 1866 in the manner described under Ko. 2G, and yielded 
an average, from eight capsules^ of 94 seeds, with a maximmn 
of IOC and a minimum of 66 ; so that it exceeded the normal 
standard, yielding 101 per cent, of seeds. 

Plant 31. Some flowers on this long-styled plant were arti- 
ficially and legitimately fertilised by one of its brother illegiti* 
mate mid-sty led plants; and five capsules yielded an average of 
90"6 seeds, with a moximnm of 97 and a minimum of 79. 
Hence, as far as can be judged from so few capsules, this plant 
attained, under these favourable circumstances, 98 per cent, of 
the normal standard. 



Class VIT. Uiegiilmate Plants raised from MidrstyUd 
Parents fertilhed uith jpollen f rom the longest stanwis 
of the short-stgled form. 

It Wits shown in the last chapter that the nnion from 
which these illegitimate plants were raised is far more 
fertile than any other illegitimate nnion; for the mid- 
atyled parent, when thug fertiligcd, yielded an average 
(ail very poor capsules being excluded) of 102*8 seeds, 
with a maximum of 130 ; and the seedlings in the 
present class likewdso have their fertility not at all 
lessened* Forty plants were raised ; and these attained 
their full height and were covered with eccd-capsules. 
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Nor iVnl T observe any contabescerit anthers* It de- 
serves, also, particular notice that these plants, diiYer- 
ently from what occurred in any of the previous classes, 
consisted of all three forms, namely, eighteen short- 
styled, fourteen long-styled, and eight mid-sty led 
plants* As these plants were so fertile, I counted the 
seeds only in the two following cases* 

Plant 32. This raid-styled plant was freely and legitirruvtcly 
fertilised during the unfavourable year of 1864, by nuinerous 
surrounding legitimate and illegitimate plants. Eight cap- 
sules yielded an average of 127*2 seeds, with a musimuin of l i4 
anfZ a minimum of ; so that this plant attained yS per cent, 
of the normal standards 

P/aut 33* This short-styled plant was fertilised in the same 
manner and at the same time with the last; and ten capsules 
yielded an average of 113'9, w'ith a nmximum of 137 and a 
minimura of 90. Hence this plant produced no less than 137 
per cent, obseciis in comparison with the normal standard. 



Condudui^ Itemarhi on the lUeffitimate Offspring of th-6 
three forms of I/pthrum salicarta. 

From the three forms occurring in approximately 
iiumhers in a state of mature, and from the re- 
sults of sowing seed naturally produced, there is reason 
to believe that each form, when legitimately fertilised, 
reproduces all three forms in about equal numbers. 
Now, we have seen (and the fact is a very singular 
one) that the fifty-six plants produced from the 
long-styled form, illegitimately fertilised with pollen 
from the same form (Classes 1. and II.), w^ere all long- 
styled. The short-styled form, when selt-lertilised 
(Class Ilf.), produced eight sliort-styled and one long- 
styled plant ; and the mi<l-styled form, similarly treated 
(Class IV.), produced three mid-styled and one long- 
styled offspring ; so that these two forms, when ille- 
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gitimately fertilised with pollen from the same form, 
evince a strong, but not exclusive tendency to repro- 
duce the psirent-fornL When the short-styled form 
was illegitimately fertilised hy the long-styled form 
(Class y.), and again wlien the mid-styled was illegiti* 
mately fertilised by the long-styled (Class YL), in 
each case the two parent-forms alone were reproduced. 
As thirty-seven plants were raised from these two 
nnionSj we may, with much confidence, believe that it 
is the rule that plants thus derived usually consist of 
both parent forms, but not of the third form. When, 
however, the in id -styled form was illegitimately fer* 
tilised by the longest stamens of the short-styled 
(Class YH.), the same rule did not hold good ; for the 
seedlings consisted of all throe lorms. The illegiti- 
mate union from Avhich these latter seedlings were 
mised is, as previously stated, singularly fertile, and 
the seedlings themselves exhibited no signs of sterility 
and grew' to their full height. From the consideration 
of these several facts, and from analogous oues to be 
given under Oxalis, it seems probable that in a state 
of nature tlie pistil of each form usually receives, 
through the agency of insects, pollen from the stamens 
of corresponding height from both the other toims. 
But the case last given shows that the application of 
two kinds of pollen is not indispensalile for the pro- 
duction of all three forms. Hildebrand has suggested 
tliat the cause of all three forms being regularly and 
naturally reproduced, may be that some of the flu>Yers 
are fertilised with one kind of pollen, and others 
uti tlie same plant with the other kind of pollen- 
Finally, of the three forms, the long-styled evinces 
8<»mewhat the strongest tendency to reappear amongst 
the offspring, whether both, or one, ox neither of the 
parents are long-styled. 
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Table 30* 



Tabulated results of tlie fertility of the foregoing ill«^tlmate 
plants, when legitimately fertilised, generally by illegitimate 
plants, as described, under each esperiment. Plants 11, 13, 
and 13 are escltided, as they were illegitimately fertilised. 



NoTTTUil Stafidard FtriUity i'kt ihrm /tjrms, wA-en l^itimaidy 

and naturally fertilised^ 



Furm, 


Average 
Nutnbtr of 
Seeda per 
Ca.paule'. 


Maxiranin 

Number In 
any one 
Camille. 


Minimum Number in any 
one Capaule. 


LoDg-stj'led . * , , 


GS 


159 


1 No record Wfl3 kept^ 


MiJ-stj^led , * . . 


130 


151 


all very poor cajjfBuloa 


Short-styled 


33‘5 


113 


were rejected. 



Classes 1* and IT . — llhgitmate Plants raised from Long-^^tyhd 
Parents ferttU&td with ifdhnfrom own-form mid-length or 
shortest stamens^ 



Numter of FLant. 


Form. 


Average 
N umber of 
Smla per 
Capsule. 


Maximuiu 
Number in 
any one 
Oipaule. 


Minimum 
Number Id 
■ ny one 
Capsule. 


Avenpi' Num- 
ber ol .See4a, 
expreeaed as 
the percentage 
of |Jhe Norrunl 
Standard. 


Plant 1 . * 

„ 3 . . 

It 3 * , 

It ^ ^ - 

5 . - 

It 6 . ^ 

It 7 , . 

tt 8 . . 

t,&.- 

It 10 * . 


1 Long-styled 

ti 

! It 

II 

It 

' it 

II 

ti 

II 

tt 


0 

4^5 

4“5 

4^5 

0 or 1 
0 

36*1 

41-1 

571 

44-2 


0 

? 

? 

? 

2 

0 

47 

73 

86 

69 


0 

0 

0 

0 

0 

0 

22 

11 

23 

25 


0 

5 

5 

5 

0 or 1 
0 
39 
44 
61 
47 



Class 111.— JllegitiTmie Plants raised from short-stykd Furenis 
fertiUsed with pollen from own form shortest stanwm. 



Plant 14 . * 


Short-styled 


1? - 


It 


,1 16 T » 


It 


,1 17 . . 


Long-styled 



23*3 


51 


11 


32*6 


49 


20 


77*3 


97 


60 


76*3 


38 


57 



33 

33 

94 

82 
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Table 30, — eon.ii?3«(jcir. 

Class IY, — lUegUimat-e FlanU raided from Mid-dyhd F<LTtnh 
ftriilisod iviih poJhn from ov.m-form lo-ngesi 



ifoiTiber of Plant 


Fortn. 


A'vPTnge 
Niimbf^r of 
S«(>ds per 
CipBuIc. 


MaxiTmim 

Nilniber In 
4iny one 
Capsalc. 


Mlnlrnnm 
Number in 
any one 
CitpBule, 


Average Nam- 
ber of Seedi. 

tile peruButai^e 
of the Nonual 
fiLainUrd, 


Plant 18 ♦ . 


Mid-sty led 


102-6 


131 


63 


80 


„ 19 . . 


Jt 


73*4 


87 


64 


56 


ff 20 t , 


Long-iityleJ 


69-6 


83 


53 


75 



Class Y , — Illegitimate Flmds raised from Bhort-dyhd Parents 
ftrUUsed with pMen from the middenqth sfamer^s of the- long- 
styUdform. 



Plant 21 . . 


StiPrl-^tyled 


43*0 


63 


26 


52 




3!l 


100-5 


133 


86 


121 


„ 23 . , 


J3 


113-5 


123 


33 


136 


,, 24 . . 


Lobg-Btylei 


82*0 


120 


67 


88 


25 . . 


tj 


123-5 


149 


84 


131 



Class YI. — IJlogitimat& Plants raised from MuPstylod Parents 
fertilised with fallen frfmi the shortest stmmns of the hmg- 
atyled form* 



Plant 26 . * 


11 id-styled 


86-0 


109 


Cl 


6G 


27 . . 


)» 


90- + 


122 


53 


75 


.,28. . 


If 


89-0 


119 


69 


68 


j(i 29 , * 


Long-styled 


100 -0 


121 


77 


107 


„ 30 . . 


jt 


94-0 


106 


66 


101 


» 31 ^ . 


II 


00-6 


97 


79 


98 



Class YII. — Ulegliimaie Plants raistd from mid^siyled Parents 
fertilised with polleti fro7rtf the longest of the short- 

styled form^ 



Plant 32 , . 


Mid-atyled* 


127-2 


144 


jp , * 


8liort-styled 


113 '9 


137 



96 I 
90 



9S 

137 
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Tlie lessened fertility of most of these illegitimate 
plants is in many respects a highly remarkable phe- 
nomenon* Thirty-three plants in the seven classes 
were subjected to varions trials, and the seeds care- 
fully counted. Seme of them were artificially ferti- 
lised, hut the far greater number were freely fertilised 
(and this is the better and natural plan) through the 
agency of insects, by other illegitimate plants. Jh the 
right hand, or percentage column, in the preceding 
table, a wide difterence in fertility between the plants 
in the first four and the last three classes may be ] 3 er- 
ceived. In the first four classes the plants are de- 
scended from the three forms illegitimately fertilised 
with pollen taken from the same form, but only 
rarely from the same plant It is necessary to observe 
this latter circumstance ; for, as I have elsewhere 
showm,* most plants, when fertilised with their own 
pollen, or that from the same plant, are in ^me 
<lcgree sterile, and the seedlings raised from such 
unions are likewise in some degree sterile, dwarfed, 
and feeble. !M(jne of the nineteen illegitimate plants 
in the first four classes were completely fertile ; one, 
however, was nearly so, yielding 90 per cent, of the 
proper number of seeds. From this high degree of 
fertility we have many descending gradations, till we 
reach an absolute zero, when the plants, though bear- 
ing many dowsers, <lid not produce, during successive 
years, a single seed or even seed^-capsule* Some of the 
most sterile plants did not even yield a single seed 
when legitimately fertilised with pollen from legiti- 
mate plants. There is gix>d reason to believe that the 
first seven plants in Classes I. and II. were the oft spring 



* *Tl»o Eifopta of Croi*^ and SeIf-fertiliNJ.tioa in the Vegetable 
Kingilom,^ 187U, 
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of a long-styled plant fertilised with jxjllen from its 
own -form shortest stamens, and these plants were the 
most sterile of all. The remaming plants in Classes I. 
and II. were almost certainly the product of pollen 
from the mid-lcngtli stamens, and although very ste- 
rile, they were less so than the first set Kone of the 
plants in the first four classes attained their full and 
proper stature ; the first seven, w'hich were the most 
sterile of all (as alrea<iy stated), w'erc by far the most 
dw^arfed, several of them never reaching to half their 
proper height These same plants did not flower at so 
early an age, or at so early a period in the season, as 
they ought to have done. Tlio anthers in many of 
tlieir flowers, and in the flowers of some other plants 
in the first six classes, were either coutabescent or in- 
cluded numerous small and shrivelletl pollen grains. 
As the suspicion at one time occurred to mo that the 
lessened fertility of the illegitimate plants might be 
due to the pollen alone having been affected, I may 
remark that this certainly was not the case ; for several 
of them, when fertilised by sound pollen from legiti- 
mate plants, did not yield the full complement of 
seeds ; hence it is certain that both the female and 
male reproductive organa w'cre affected. In each of 
the seven classes, the plants, though descended from 
the same parents, sown at the same time and in the 
same soil, differed much in their average degree of 
fertility. 

Turning now to the fifth, sixth, and seventh classes, 
and looking to the right-hand column of the table, we 
find nearly as many plants with a percentage of seeds 
above the normal standard as beneath it. As with 
most plants the number of seeds produced varies much, 
it might bo thought that the present case was one 
merely of variability. But this view must bo rejected, 




Cha?- y. HRTEROSTYU'D TRIMORPHIC PLANTS. 209 



as far as the less fertile plants in these three classes 
are concerned : first, because none of the plants in 
Class V. attained their proper height, which shows 
that they were in some manner affected ; and secondly, 
because many of the plants in Classes V, and VI, pr<j- 
duced anthers which were either coiitabescent or in- 
cluded small and shrivelled pollen-grains. And as in 
th ese cases the male organs were manifestly deterio- 
rated, it is by far the most probable conclusion that 
the female organs were in some cases likewise aftected, 
and that this was the cause of the reduced number ot 
seeds* 

With respect to the six plants in these three classes 
which yielded a very high percentage of see<ls, the 
thought naturnally arises that the normal standard of 
fertility for the long-styled and short-styled forms 
(with which alone we are hero concerned) may have 
been fixed too low, and that the six illegitimate plants 
are merely fully fertile* The standard for the long- 
styled form was deduced by counting the seeds in 
twenty-three capsules, and for the short-styled form 
from twenty-five capsules* T do not pretend that this 
is a SLifhcieut number of capsules for absolute accu- 
racy ; hut my experience has led me to believe that a 
very fair result may thus be gaLiied. As, however, the 
maximum number observed in the twenty-five capsules 
of tile short -styled form was low', the standard in this 
case may possibly be not quite high enough* But it 
should he observed, in the case of the illegitimate 
plants, that in order to avoid over-estimating their in- 
fertility, ten very fine capsules were always selected ; 
and the years 1865 and 18G6, during which the plants 
in the three latter classes w'ere experimented on, were 
highly favourable for sced-productiom Now, if this 
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pi tin of selecting very fine capsules during favoumble 
seasons had been followed for obtaining the normal 
stand aids j instead of taking, during various setiaona, 
the first capsules which came to hand, Ihe standards 
would imdouht-edly have been considerably higher; 
and thus the fact of the six foregoing plants appearing 
to yield an unnatnriilly high percentage of seeds may, 
perhaps, be explained* On this vieiv, these plants are, 
in fact, merely fully fertile, and not fertile to an ab- 
normal degree* Nevertheless, as characters of all 
kinds are liable to variation, especially with organisms 
unnatumllv treated, and as in the four first and more 
sterile chisses^ the plants derived from the same pa- 
rents and treated in the same manner, certainly did 
vary miieh in sterility, it is possible that certain plants 
in the latter and more fertile classes may have varied 
so as to have acquired an abnormal degree of fertility* 
But it should bo notieed that, if my standards err in 
being too low, the sterility of all the many sterile 
plants in the several classes will have to be estimated 
by so much the higher* Finally, we see that the ille- 
gitimate plants in the four first classes arc all more or 
less sterile, some being absolutely barren, with one 
alone almost completely fertile; in the three latter 
classes, some of the plants are moderately sterile, 
whilst others are fully fertile, or possibly fertile m 
excess* 

The last point which need here be noticed is that, 
as far as the means of comparison serve, some degree 
of relationship generally exists between the infertility 
of the illegitimate union of the several parent-forms 
and that of their illegitimate ofi'spring. Thus the 
two illegitimate unions, from which the plants m 
Classes \J* and \IJ* w^ere derived, yielded a fair 
amount of seed, and only a few of these plants are m 
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any degree sterile. On the other hand, the illegiti- 
mate 111110113 between plants of the same form always 
yield very few seeds, an<l their seedlings are very 
sterile. Long-styled parent-pliints when fertilised 
with pollen from their own-form shortest stamens ap- 
pear to be rather more sterile than when fertilised with 
tlieir own-form mid -length stamens ; and the seedlings 
from the former union were much more sterile than 
tliose from the latter union. In opposition to this re- 
lationship, short-styled plants illegitimately fertilised 
with pollen from the mid-length stamens of the long- 
styled form (Class V,) are very sterile ; whereas some 
ot the oilspring raised from this union were far from 
being highly sterile. It may be added that there is a 
tolerably tdoso parallelism in all the classes between 
the degree of sterility of the plants and their dwarfed 
stature. As previously stated, an illegitimate plant 
fertilised with pollen from a legitimate plant has its 
fertility slightly increased. The importance of the 
several foregoing conclusiona will he ajjparent at the 
close of this chapter, w hen the illegitimate tmions be- 
tween the forms of the same species tind their illegiti- 
mate oft spring, are compared with the hybrid unions 
of distinct species and their hybrid oftspriiig* 



OXAIJS. 

Ko one has compared the legitimate and illegiti- 
mate offspring of any trimorphic species in this genus, 
Hildebrand sowed illegitimately fertilised seeds of 
OxaUs Valdiviana^'* hut they did not germinate ; and 
this fact, as he remarks, supports my view' that an 
illegitimate union resembles a hybrid one between 




* ‘ Bot. Zoitimg/ 1671, p, 433, footnote. 



212 



ILLEOITIMATIi: OFFSPEING OF 



CflAF. V. 



two distinct species, for the seeds in this latter case 
are often in capable of germination. 

The following ohservations relate to the nature of the fonn 
which appear among the legitimate seedlingB of OxaU-s VaMMana, 
ITildehrand raised, as described in the paper just reforred to, 
211 seedlings from all eix legitimate unions, and the three forms 
appeared among the offspring from each union. For iastanec, 
long-styled plants were legitimately fertilised with pollen from 
the longest Htamena of thn mid-styted form, and the seedlings 
consisted of 15 long-styled, 18 mid -styled, and 6 short-styled. 
We here see that a few short-styled plants were produced, though 
neither parent was short-styled ; and so it was with the other 
legitimate unions. Out of the above 211 seedlings, 17H belonged 
to the same two forma as their parents, and only fiS belonged 
to the third, form distinct from cither parent. lu the case of 
0. lipgneUi, the result, as observed by Hildebrand, was nearly 
the same, hut more striking ; all the offspring from four of the 
legitimate unions consisted of the two parent-forms, whilst 
amongst the seedlings from the other two legitimate unions the 
third form appeared. Thus, of tho 85 seedlings from the six 
legitimate unions, 35 belonged to the same two forms as their 
l>arent8, and only 8 to the third form. Frita Muller also raised 
in Erazil seedlings from loiig-stylcd plants of 0. legiti- 

mately fertilised with pollen from the longest stamens of the 
mid-sty led form, and all these belonged to the two parent’ 
forin.*^.* Lastly, seedlings w^ero raised by me from long-styled 
plants of 0. speciosa- legitimately fertilised by the short’Styled 
form, and from tho latter reciprocally fertilised by the long- 
styled ; and these consisted of S3 lung-styled and 2G short- 
styled plants with not one mid -styled form. There can, there- 
fore, bo no doubt that the legitimate offspring from any two 
forma of Oxalis tend to l>elong to the same two forms as their 
parents' but that a few ecedlings belonging to the third fonn 
occasionally make their appearance; and this latter fact, as 
Hildebrand remarks, may he attributed to atavism, as some of 
their progenitors will almost certainly have lielonged to the 
third form. 

When, however, any form of Oxalis is fertilised illegiti- 



* " JoDahicbe ZeitbclirifV Eimd vi. li>71, p- 75. 
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mately ^rith pollen from the same form, the seedlings appear to 
Wloiig invariably to this form. Thug Iliiaebrand states* that 
long-styled plants of 0. r^^sm growing by themeelves have Ijcen 
propagated in Germany year after year by seed, and have always 
produced long-stylod plants. Again, 17 seedlings were raised 
from mid-sty led plants of 0. ked^itanmks growing by themselves 
and these were all mid-stylod. So that the forma of Oxalis’ 
when illegitimately fertilised with their ow'n pollen, behave like 
the long-styled form of Li/thrutu sal-kariit^ which when thus fer- 
tilised always produced with me long styled offspring. 



Primula, 

Primula Sinensis, 

I raised during February 1S02, from some long- 
styled plants illegitimately fertilised with pollen from 
the same form, twenty-seven seedlings. These Avere 
all long-styled. They proved fully fertile or even 
fertile in excess ; for ten lloAvers, fertilised with pollen 
from other plants of the same lot, yielded nine cap- 
sules, containing on an average 39*75 seeds, Avith a 
maximum in one capsule of 66 seeds. Four other 
floAvers legitimately crossed with pollen from a legiti- 
mate plant, and four tloAvers on the latter crossed Avith 
pollen from the illegitimate seedlings, yielded aeven 
capsules Avlth an average of 53 seeds, Avith a maximum 
of 72, I must here state that I have found some 
difficulty in estimating the normal standard of fer- 
tility for the several unions of this species, as the 
results differ much during successive years, and 
the seeds vary so greatly in size that it is liard to 



* ' Ueber den Trtmnrphismua 
in der GHttuiiH Oxelis : Monats- 
beritrhte der Akad, der Wissen, 



zu Derlm/ 2ltt June 1S6G, p. 37f? 
and *iiot. 1871, p, 4.^. 
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decide which, ought to ho oousidered good. Tn order 
to avoid oyeT-estimating the infertility of the several 
illegitimate unions, 1 have taken the normal standard 
iis low as possible. 

From t)ie foregoing twenty-soven illegitimate plants, 
fertilised with their owndbrm pollen, twenty-tive seed- 
ling grandchildren were raised ; and these were all 
long-styled ; so that from the two illogltiniiite gene- 
rations fifty-two plants w^ere raised, and all without 
exception proved long-sty leci These grandchildren 
grew vigorously, and soon exceeded in height two 
other lots of illegitimate seedlings of different puent- 
age and one lot of equal-styled seedlings presently to 
he described. Hence I expected that they would Lave 
turned out highly ornamental plants ; but when they 
flowered, they seemed, as my gardener remarked, to 
have gone back to the wild state j for the petals were 
pale-coloured, narrow, sometimes not touching each 
other, flat, generally deeply notched in the middle, 
luit not flexnous on the margin, and with the yellow 
eye or centre conspicuous. Altogether these flowers 
were strikingly different from those of their pro- 
genitors' and this, I think, can only be accounted 
for on the principle of reversion. Most of the anthers 
on one plant were contabescent. Seventeen flowers 
on the grandchildren were illegitimately fertilised 
with pollen taken from other seedlings of the same 
lot, and produced fourteen capsules, containing on an 
average 29^2 seeds; but they ought to have con- 
tained aljout 35 seeds. Fifteen flowers legitimately 
fertilised with pollen from an illegitimate short-styled 
plant (belonging to the lot next to he described) pro- 
duced fourteen capjsules, conttiining an average of 41> 
seeds ; they ought to have contained at least 50 seeds. 
Hence these grandchildren of illegitimate descent ap' 
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pear to have loat, though only in a very slight degree, 
their full fertility. 

We will now turn to the short-styled form : from a 
plant of this kind, fertilised with its own -form pollen, 
I raised, during Fehnmry 18G2, eight seedlings, seven 
of which were short-styled and one long-styled- Thev 
grew slowly, and never attained to the full stature of 
ordinary plants ; some of them flowered precociously, 
and others late in the season. Four flowers on these 
short-styled seedlings and four on the one long-styled 
seedling were illegitimately fertilised with their own- 
fo I'm pollen and produced only three capsules, con- 
taining on ail average 23 '0 seeds, with a maximum 
of 29 ; but we eanoot judge of their fertility from so 
few capsules: and I have greater doubts about the 
normal standard for this union than about aiiv other : 
but I believe that rather above 25 seeds would be a 
fair estimate. Eight flowers on these same short-styled 
plants, and the one iong-atyled illegitimate plant 
were reciprocally and legitimately crossed ; they pro- 
duced five capsules, which contained an average of 
28 '6 seeds, with a maximum of 36. A reciprocal 
cross between legitimate plants of the two forms 
would have yielded an average of at least 57 seeds, 
w'ith a possible maximum of 74 seeds ; so that these 
illegitiuiatc plants w^ere sterile w'hen legitimately 
crossed. 

1 succeeded in raising from the above seven short- 
styled illegitimate plants, fertilised with their own- 
form pollen, only six plants — grandchildren of the 
flrst union. These, like their parents, \vere of low 
stature, and had so poor a constitution that lour died 
before flowering. With ordinary plants it has been 
a rare event with mo to have more than a single plant 
die out of a large lot. The two grandchildren which 
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lived and lloivcrcd were sliort-styled ; and twelve of 
their flowers were fertilised with their own^form pollen 
and produced twelve ca[)Siiles containing an average 
of 28 ^2 seeds; so that these two plants, though be- 
longing to so weakly a set, were rather more fertile 
than their parents, and perhaps not in any degree 
sterile, Fonr flowers on the same two grandchildren 
were legitimately fertilised by a long-styled illegiti- 
mate plant, and produced four cajjsules, containing 
only seeds instead of about 64 seeds, which is 

the normal average for legitimate short-styled plants 
legitimately crossed. 

By looking back, it will be seen that I raised at 
first from a short-styled plant fertilised with its own- 
form pollen one long-styled and seven short-styled 
illegitimate seedlings. These seedlings were legiti- 
mately intercrossed, and from their seed fifteen plants 
were raised, grandchildren of the first illegitimate 
union, and to my surprise all proved short-stvled. 
Twelve short-styled fiowers home by these grand- 
children were illegitimately fertilised with jK>llen 
taken from other plants of the same lot, and produce<l 
eight capsules which contained an average of 21 "8 
seeds, with a maximum of 35. These figures are 
rather below the normal standard for such a union, 
8ix flowers w'ere also legitimately I'ertiHscd with pollen 
from an illegitiniate long-styled plant and produced 
only three capsules, containing on an average 23 'fl 
seeds, with a maximum of 35* Such a union in the 
ease of a legitimate plant ought to have yielded an 
average of 64 seeds, with a possible maximum of 73 
seeds. 

Sumnnai"^ o7i the Traiisrmsimon of Fhr'Wi, Co^istituiioni 
mid l^ertihtjj of llhgithnate Offs^^rmg of PmiTiida 
Shtensis, — In regard to the long-styled plants, their 
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illegitimate ofifspring^ t>f wliieli fifty-two were raised in 
the eemrse of two goner at ions, were all long-styled** 
These plants grew Tigorously ; but the flowers in one 
instaoco were small, appearing as if they had reverted 
to the Avild state. In the first illegitimate generation 
they Avere perfectly fertile, and in the seeond their 
fertility was only very slightly impaired. With 
respect to the sliort-styled plants, twenty-four out of 
twenty-iive of their illegitimate oSspring Avere short- 
styled. They were dwarfed in stature, and one lot of 
grandchildren had so poor a constitution that four out 
of six plants perished before flowering. The two snr- 
Auvors, when illegitimately fertilised with their own- 
form pollen, were rather less fertile than they ought 
to have been ; but their loss of fertility was clearly 
shown in a special and unexpected manner, namely, 
when legitimately fertilised by other illegitimate 
plants : thus altogether eighteen flo Avers were fertilised 
in this manner, and yielded tAvelve capsules, which 
included on an average only 28 ’5 seeds, with a 
maximum of 45. Now a legitimate short-styled plant 
Avould have yielded, when legitimately fertilised, an 
average of 64 seeds, with a possible maximum of 74. 
This particular kind of infertility will perhajjs be best 
appreciated by a simile: we may assume that Avith 
mankind six children Avould be born on an average from 
an ordinary marriage ; hut that only three AA^ould be 
born from an incestuous marriage. According to the 
analogy of Frhrmla Sinensis, the children of such 



* Dr. Hildcibrand, who first 

Called attention tn tliis sabjoct 
Sieitung,* 1864, p. 5 \ nnficd 
from a aiiiiilHr illcgEtimats nnion 
Beventeen plants, of witicli four- 
teen were long-styled and three 



aljort-styled. From a short-styled 
plant illegifimately fertilised with 
iia own pollen he raised fourteen 
plantSjOf which eleven were sJiort- 
fltyled and three lung*styled. 
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incestuous marriages, if they contiTuied to m^rry in- 
cestuoiisly, would have tlieir sterility only slightly 
increased ; hut their fertility wonhl not be restored by 
a proper marriage; for if two children, Ijoth of in- 
cestuous origin, but in no degree related to each 
other, were to marry, the niarriago would of course be 
strictly legitimate, nevertheleas they would not give 
birth to more than half the full and proper number 
of children. 



l^f^u-alsii/Ied variety^ of Primuiu Sinensis ,— any Tariation in 
the stmctui-e of the reproductive organ k, combined with changed 
function, is a rare event, the following casts are worth giving 
ill detaiL Jly attention waa fin^t called to the subject by oh- 
fierving, in 1862, a long-styled plant, deacended from a self- 
fertilised long-styled parent, which had some of its flowers in an 
anomalous state, namely, with the stamens placed low down in 
the corolla as in the ordinary long-sty led form, but with the 
pistils so short that the stign^aa stood on a level with the anthers. 
These stigmas were nearly as globular and as smooth as in the 
short-styled form, instead of l;>eing elongated and rough as in 
the long-sty led form. Here, then, wc have combined in the 
same flower, the short stamens of the long- styled form with a 
pistil closely resembling that of the short-styled form. But 
the stmetnre varied much even on the same umbel : for in two 
dowers the pistil was intermediate in length between that of 
the long and that of the short-styled form, with the stigma 
elongated as in the former, and smooth as in the latter ; and in 
three other flowers the structure w as in all respects like that of 
the loiig-styled form. These modificatioiis appeared to me so 
remarkable that I fertilised eight of the flowers with their own 
pollen, and obbdiied five capsules, which contained on an 
average 43 seeds ; and tliis number shows tliat the flowers had 
become abnormally fertile in comparison with thofie of ordinary 
long-styled plants when self-fertilised. I wai? thus led to es- 
amine the plants in several small collections, aud the result 
showeil that the equal-styled variety was not rare. 

In a state of nature the long aud sliort-stylod forms would no 
doubt occur in nearly equal niimbei's, as I infer from the analogy 
of the other hetcrostyled si>ecics of Primula, and from having 
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Table 3L 

Frimula Sinensh, 



Njwne of Owner or Place. 


Fcrtn. 


Short-etylcd 

Foim. 


V iriely. 


ilr. Horwood 


0 


0 


17 


Mr. Duck 


20 


0 


9 


Basttm ........ 




IS 


15 


ChicKe&ter ....... 


13 


0 


2 


.p ■ ■ ■ T H I- 


4-2 


12 


0 


High Elms 


16 


0 


o 


\Veeterhflm ....... 


1 


5 


0 


My own plants fi'om purtiJiAsci:} 


13 


7 


0 


Total ...... 


134 


51 


43 



raised the two forms of the present species in exactly the same 
number from flowers which had l>een crossed. The 

preponderance in the above table of the long- styled form over 
the ehort-stylt-d (in the proportion of 134 to 51) results from gar- 
deners generally collecting seed from Gelf-fertilised flowers; and 
the long-styled flowers produce spontaneously much more seed 
(as shown in the first chapter) than the short-Rtyled, owing to tlm 
anthers of the long-styled form being placed low down in the 
corollaj so thatj whw. the flowers fall the antliers arc dragged 
over the stigma ; and we now also know that long-s^yled plants* 
w'hen self-fertiliRed, very generally reproduce long-styled oiT- 
spring. From the consideration of this table, it occurred to 
me in the year 1862, that almost ali the plants of the Chinese 
primrose cultivated in England, would sooner or later become 
long-styled or equal-sty le^l ; and nowj at the close of 187G, I 
have had five small collections of iflfints examined, and almost 
all consisted of long-styled, with some more or less well-cha- 
racterised equal-styled plants, but with not one short-styled. 

^hth respect to the Cfiual-styiod plants in the tabic, Mr. Hor- 
wood raised from purchased seeds four planis, which he re- 
membered were certainly not long-styled, but either short- or 
equal-styled, probably the latter. These four plants were kept 
separate and allowed to fertilise themselves; from their seed the 
Seventeen plants in the table were rtiised, all of which pnivcd 
equal-styled. Tlie stamens stood low down in the corolla aa in 
the long-styled form; and the stigmas, which were globular and 
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gmooth^ were either completely surrounded by the authcm, or 
stood close above them. My gon William made drawings foj- 
me, by the aid of the camera, of the pollen of one of the above 
wiual-etjled plants; and^ in aecordaneo with the position of the 
stamens, the grains resembletl in their small el£e those of the 
loug-stylod form. He also examined ixallen from two equal-styled 
plant* at Southampton : and in both of them the grains dif- 
fered estremdy in size in the same anthers, a large number 
being small and shrivelled, whilst many were fully as large m 
those of the shoit-styled form and rather more globular. It is 
prol:table that the large size of these grains was due, not to their 
having assumed the character of the short-styled form, but to 
monf^trosity ; for Mas Wlchuta ha* observed pollen-grains of 
monstrous size in certain hybrid*. The vast number of ths 
small shrivelled grains in the above tw^o eases csplains the fact 
that, though equal-styled plants are generally fertile in a high 
degree, yet some of them yield few seeds, I may add that my 
son compared, in 1875, the grains from two white-flowered 
plants, in both of which the pistil projected above the anthers, 
but neither were properly long-styled or equal-styled ; and in 
the one in which the stigma projected most, the grains were 
in diameter to those in the other plant, in which the stigma pro- 
jected less, as 100 to 88; wher&aa the difference between tha 
gi-ains from i>eTfectly characterised long-styled and short-styled 
plants is as 100 to 57. So that these two plants were in an 
intermediate condition. To return to the 17 planU in the first 
line of Table 31 : from the relative position of their stigmas and 
anthers, they could hardly fail to fertilise themselves : and ac- 
cordingly four of them spontaneously yielded no loss than 180 
capsules ; of these Mr. Horvvood selected eight line caj>sulGS for 
towing ; and they included on an average 54 "8 seeds, with a 
maximum of 72. lie gave me thirty other capsules, taken 
by hazard, of which twenty-seven contained good seeds, avor- 
with a maximum of 70: but if sis poor cap- 
sules, each with loss than 18 seeds, be excluded, the avei’age 
rises to 42 ‘5^ These are higher numbers than could be es^ 
pected from either well-characterised form if aelf-fertilised ; and 
this high degree of fertility accords with the view that the 
male organs belonged to one form, and the female organs par- 
tially to the other form; so that a self-union in the case of the 
equal-styled variety ie in fact a legitimate union. 

The seed saved from tlie above seventeen self-fertilised equal- 
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stylfid plants produced sixteen plautB, which all proved equal- 
gtyledj, and resembled their parents in ail the above-specified 
lespeetis. The stamena, however, in one plant were se^itcd Jiigher 
up the tube of the corolla than in the true long-gtvled form ■ 
in another plant almost all the anthers were oontabeacent. These 
sixteen plants were tlie grandchildren of the four original plants 
which it is believed were equahstyled ; so that this abnormal 
condition was faithfully transmittedj probably through three 
and certainly through two generations. The fertility of one of 
these grandchildren was carefully observed ; six fJowei*s Tvere 
fertilised with pollen from the (same flower, and produced sis 
capsules, containing on an average 68 seeds, with a maximum 
of 82, and a minimum of 40. Thirteen capsul&s spontaneously 
self-fertilised yielded an average of seeds, w ith the astonish- 
ing maximum in one of 97 &oe<is, In no legitimate union ho-s 
so high an average as 68 seeds been observ^ hy me, or nearly 
so high a maximum as 82 and 97. These plants, therefore, not 
only have tost their proper heteroRtyled structure and peculiar 
functional powers, but have acquired an abnormal grade of fer- 
tility— unless, indeed, their high fertility may be accounted for 
by the stigmas receiving pollen from the circumjacient anthers 
at exactly the most favourable period. 

With lcsf^6ct to Mr. ].>uck^s lot in Table 31, seed was save<i 
from a single plant, of which the form was not observed, 
and this produced nine equal-styled and twenty long-styled 
plants. The equal-styled resembled in all reei>ects those pre- 
viously described : and eight of their capsules spontaneously 
self-fertilised contained on an average 44 '4 seeds, with a 
maxiurum of 61 and a minimum of 23. In regard to the 
twenty long-styled plants, the pistil in some of the flowers did 
not project quite so high as in ordinary long-styled flowers ; 
and the stigmas, though properly elongated, were smooth, no 
ttiat we have here a slight appro^&ch in structure to the pistil of 
the short-styled form. Some of these long-styled plants also 
approached the equal -styled in function; for one of them pro- 
duced no less than fifttseii spontaneously self-fertilised capsulea, 
and of these eight contained, on an average, 31 '7 seeda, with 
a maximum of 61. This average would be rather low for a 
long-sty led plant artificially feidilised with its own pollen, but 
is high for one spontaneously sclf-feidilited. For instance, 
tliirly-four capsules produced by the illegitimate grandchildren 
of a iong-fitylcd plant, sjKmtaueou±?ly self-fertilised, contained 
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on ftiiaTcrage onlj ececk, with a rnasimiim of 46. Some 
ficods indiscriminately Esavcd from the foicf^oing twenfy-nin© 
oqual-styled and long-Btylcd plants produced m^teen ficodlinga; 
ftrandchiklreu of the original plant l>clonging to Mr. Duck; and 
tlieae consisted of fourteen eqnaLatyled and two long-styled 
plants ; and I mention this fact aa an odditional instance of the 
transmission of the eqnal-stylod Tariety. 

The thir<l lot in the table, namely the Easton plants, are the 
last which need be mentioned. The long and short-styled plants^ 
and the fifteen eqnal-etyled plants, were descended from two 
distinct stocks. The latter were derived from a single plant, 
which the gardener is positive was not long-styled; hence pro- 
bably, it was equal-styled* Tn all these fifteen plants the anthers 
occupying the siime position as in the long-styled form, closely 
^surrounded the stigma, which in one instance alone was slightly 
elongated* Notwithstanding this position of the sHgma, the 
flowers* as the gardener assured me, did not yield many seeds ; 
and this difference from the foregoing c-ases inay perhaps have 
been caused by the pollen being bad, as in some of the Sciith- 
amptoQ &]ual-styled planta 



Conclusions with resjteQt to the eqwal-styJed variety of 
P. Sinensis . — That this i& a variation, and not a thirtl or 
distinct form, as in the ti'imoT|>hic genera 
Oxalu^ is clear ; for we have seen its first appearance 
in one out of a lot of illegitimate long-styled plants; 
and in the case of 3Ir* Duck’s seedlings, long-styled 
plants, only slightly deviating from the normal state, 
iis well as equal-styled plants were produced from the 
same self-fertilised parent* The position, of the sta- 
mens in their proper place low down in the tube ot 
the corolla, together ivith the small size of the pollen- 
grains, show, firstly, that the equal-styled variety is a 
mtxlifi cation of the I on g-st vied form, and* secondly, that 
the is the part which has varied most, as indeed 

was oljvious in many of the plants. This variatioii i^ 
t>f frequent oceurience, and is strongly inhorite<l when 
it has once appeared. It would, how'ever, have pos' 
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sessed little interest if it liad consisted of a mere 
change of structure ; but this is accompanied by modi- 
fied fertility. Its occurrence apparently stands in 
close relation with the illegitimate birth of the parent 
plant; but to this whole subject I shall hereafter 
recur. 

Primula auricula. 

Although I made no oipcrimonts on the illegitimate offspring 
of this species, I refer to it for two reasons Firsts because 
I have observed two equal-styled plaiita in which the pistil 
resembled in all respects that of tlio long-styled form^ whilst 
the stamens had become elongated as in the short^styled form, 
so that the stigma was almost surrounded by the anthers. The 
pollen-grain R, how'eTer, of the elongated stamens resembled in 
tlieir small siae those of the shorter stamens proper to the long- 
styled form. Hence these plants have beeome equal-styled by 
the increased length of the stamena, iuKtead of, as with 
Sinensis by the diminished length of the pistil. Mr. J. Scott 
observed live other plants in the same state, and he shows* that 
one of them, w^heu self-fertilised, yielded more seed than an 
ordinary long or short-styled form ’would have done when 
similiarly fertilised, but that it was far inferior in fertility to 
either form when legitimately crossed. Hence it appears that 
the male and female organs of iliis equabstyled variety have 
been mollified in some special manner, not only in structure* 
but in functional powers. This, moreoTer, is eho’n^n by the 
singular fact that both the long-etyled and short^styled plants, 
fertilised ’with pollen from the equal ^sty led variety, yield a 
lower average of seed that when these two forms are fertilised 
with their own pollen. 

The second jioint ^vhicli deserves notice is that florists always 
throw away the long-sty ied plants, and save seed exclusively 
from the short -styled form. Nevertheless, as Mr. Scott was 
informed by a man ’who raises this si>ecies cxtensi’vely in Scot- 
land, about onc-fourth of the seedlings appear long-styled ; so 
that the short-styled form of the Auricula, when fertilised by 
its own pollen, does not reproduce the same foim in so large a 
proportion as in the case of P. Sinensis. may further infer 
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that the short-etyled form is not ron tiered quite eterile by a 
lonj^ course of fcrtilisatioTi with jmiUou of the same form; but as 
there would always be Home liability to an ooeasional cross with 
the other fami, we cannot toll how long eelf-fertilisation lias 
been continued. 

PbIMULX PARIN 09 A. 

Mr. Scott eay.s* that it is not at all uncommon to find equal- 
styled plants of this hotorostyled aixjcies. Judging from the 
bIkc of tlic pollen-grainSj these plants owe their structure, as in 
the caso of P* auricula, to tho abnormal elongation of the 
stamens of the long-styled form. In accordance with this viewj. 
they yield leSvS seed when crossed with the long-styled form 
than with the short-styled* But tliey differ in an anomalous 
manner from the eqnal-styied plants of P* auricula in being 
extremely sterile with their own pollen. 

Primula elatiok. 

It was shown in the first chapter^ on the authority of 
Herr Breitenboch^ that equal-styled flowers are occa.s;onally 
found on this species whilst growing in a state of nature ; and 
this is the only instance of such an occurrence know'n to me, 
with the eiceptiou of some wild plants of the Oxlip— a hybrid 
l>etween P. veris and vulgariji — which were eqiial-styled. Hen 
Breitenl^tach’s case in remarkable iu another way ; for equal- 
styled Sowers were found in two instances on plants which bore 
both long-styled and short-atyled flowers. In eyery other 
instanco these two forms and the equal-styled variety have been 
produced by distinct plants. 

Primula vulgaris, Brit. VL 
Ynr. acauUs of Liuu. and P, of Jacq* 

Yar, ruhra. — Mr. Scott states f that this variety, which 
grew in the Botanic Garden in iMiuburgh, was qiiito 
sterile wlien fertilised with pollen from the connucu 
primrose, as well as from a white variety of tho same 

* ^Journal Proc. Liun* Soc.’ viiL aeC4>, p. 115. 
t Ibid* p. 98. 
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spnoieRj but that some of tlie plants, when artificially 
fertilised with their own pollen^ yielded a moderate 
supply of seed. He was so kind as to send me some 
of these self-fertilised seeds, from which I raised the 
plants immediately to be described* 1 may p>remise 
that the results of my experiments on the seedlings, 
made on a large scale, do not accord with those hy 
Mr, Scott on the parent-plant. 

First, in regard to the transmission of form and 
colour* The parent- plant wm long-styled, and of a 
rich purple colour* From the sell -fertilised seed 23 
plants w ere raised ; of these 18 were purple of dif- 
ferent shades, with 2 of them a little streaked and 
freckled with yellow, thus showing a tendency to 
reversion ; and 5 were yellow, hut generally with a 
brighter orange centre than in the wild flower* All 
the plants were profuse flowerers. All were long- 
styled ; but the pistil varied a good deal iii iengtk 
even on the same plant, being rather shorter, or con- 
siderably longer, than in the normal long-styled form ; 
and the stigmas likewise varied in shape* It is, 
therefore, probable that an equal-styled variety of the 
primrose might bo found on careful search; and I 
have received two accounts of jj hints apparently in this 
condition* The stamens always occupied their proper 
position low down in the corolla ; and the pollen- 
grains w^ere of the small size proper to the long-styled 
form, but were mingled with many minute and 
shrivelled grains* TJie yellowy-flowered and the purple- 
flowered plants of this first generation were fertilised 
under a net with their own pollen, and the seed sepa- 
rately sown. From the former, 22 plants were raised 
and all were yellow and long-styled* From the latter 
or the purple-flowered plants, 24 long-styled plants 
were raised, of which 17 were purple and 7 yellow. 
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In this last case wo have an instance of reversion in 
colonr, without the possihility of any oross^ to thei^rand- 
parents or more distinct progenitors of the plants in 
question* Altogether 2B plants in the first generation 
and 46 in the second generation Avere raised ; and the 
wliole of these 69 illegitimate plants were long-styled ! 

Eight purpledlowered and two yellmv-tiowered plants 
of the first illegitimate generation were fertilised in 
various ways Avith their OAvn pollen an{l with that of 
the common primrose ; and the seeds Avere separately 
countedj hut as i could detect no dillerence in fertility 
hetAveen the purple and yellow yarieties, the results 
aro run together in the following table. (See next 
page.) 

If we compare the figures in this table AAitli those 
given in the first chapter, showing the normal fertility 
of the common primrose^ wo shall see that the illegiti- 
mate purple- and yelloAv-flowered varieties are very 
sterile, Eor instancej 72 flowers were fertilised with 
their own pollen and produced only 11 gofxl capsules^ 
but by the standard they ought to have pioduced. 48 
capsules ; and each of tWse ought to have contained 
on an average o2'2 seeds, instead of only 11*5 seeds* 
When these plants Avere illegitimately and legiti- 
mately fertilised Avith pollen from the common prim- 
rosOj the average numbers were increased, but Avere lar 
irom attaining the normal standards. So it was Avhen 
both forms of the common primrose w^ere fertilised 
Avith pollen from these illegitimate plants ; and this 
shows that their male as avcU as their fenmle organs 
were in a deteriorated ooiulitioii* The steTility of these 
plants AA-as shoAvn in another way, namely, by their not 
producing any capsules Avhen the access of all insects 
(except such minute ones as Thrips) avals pirevented; 
for under these circumstances the common long’-stylcd 
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Table 32. 

Prim^da vuhjarls. 



Kalure of P3ant eispfTtmeTitwl on^ 
«nd kind or (iDioD. 



purple- amlyellow'-flowcreii ilSegi- 
tiiuate long-stylaj plfiots, i/%i- 
timately fertilised with pollen , 
frtm^ the same i>laat 



timate ioag-styled plants, iilGtii- 
tii^iatel^ fertilieed with poljeu 
from the coimoun long-atyle^ll 
primrose. . \ 

Or, if the ten poorest capsu! 
itu^ludiag' less than 15 seeds, 
rejected, we got. 



PurpJe- and yellow-flowered illegi- 
timate long-sty lod plants^ fei/f- 
tijfiateiy fertilised with polien 
from the cominou. short-styled i 
priniToso ...... 

Or, if the two poorest capsiiL^ 
including less than 15 seeds, be| 
rejected, we get. . 



The long-styled form of the coin m on' 
primrose, ilietjititnaUly fertilised 
with pollen from the long-styled 
illegitimate purple- and yellow^-j 
flowered plants 
Or, if the three poorest qajisulesl 
be rejected, we get , 

Theshorl-styled form of the commonl 
primrose, teijiUmatdif fertilised 
with pollen from the Jong-atyled 
illegitimate purplfr* and yellow’-l 
flowered plants , , . , 
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primrose produces a considerable number of cap^siilcs. 
There can, therefore, be no doubt that the f'ertitity of 
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these plants was greatly impaired. The loss is not 
correlated with the colour of the flower ; and it was to 
ascertain this point that I made so many e:sper[ineTits. 
As the parent-plant growing in Edi]>biirgh was found 
by Mr* Scott to be in a high degree sterile^ it raay 
havo tranamitted a similar tendency to its offspringj 
independently of their illegitimate birth* I anij how- 
ever, inclined to attribute some weight to the illegiti- 
macy of their descent, both from the analogy of other 
cases, and more especially from the fact that when the 
plants were legitimafdtj fertilised with pollen of the 
common primrose they yielded an average, as may be 
seen in the table, of only 5 more seeds than when 
ilUgitimatehj fertilised with the same pollen. Xow we 
J<now that it is eminently characteristic of tlie illegiti- 
mate oflspring of Primula Sinen^^is that they yield but 
few more seeds ’when legitimately fertilised than when 
fertilised with their own-form pollen* 



Primula veris, Brit Fh 



Yar* officinalis of Linn., P, offilcmalis of Jacq* 

Seeds from the short-styled form of the cowslip 
fertilised with pollen from the same form germinate 
so badly that I raised from three successive sowings 
only fourteen plants, which consisted of nine short- 
styled and five long-styled plants* Hence the short- 
styled form of the cowslip, when self-fertilised^ does not 
transmit the same form nearly so truly as does that 
of P. Sinensis. From the long-styled form, alwav® 
fertilised wdth its own-form pollen, I raised in the 
first generation three long-styled plants,— from their 
seed 53 long-styled grandchildren, — from their seed 
4 long-styled great-grandchildren, — from their seed 
20 long-sty led great-great-g rai i d e h il d re u,— and 
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from their seed 8 long-styled and 2 short-styled great- 
great-great-grandchildren. In this last generation 
sliort-stylcd plants appeared for the first time in the 
course of the six generations,— the parent long-styled 
plant which was fertilised with pollen from another 
plant of the same form being counted as the first 
generation. Their appearance may he attributed to 
atavism. From two other long-.styled plants, fertilised 
with their own-form pollen, 72 plants were raised, 
which consisted of 68 long-styled and 4 short-styled. 
So that altogether 162 plants were raised from ille- 
gitimately fertilised long-styled cowslips, and these 
consisted of 156 long-styled and 6 short-styled plants. 

Wo will now turn to the fertility and powers of 
growth possessed by the illegitimate plants. From 
a short-styled plant, fertilised with its own-fora 
pollen, one short-styled and two long-styled plants, 
and from a long-styled plant similarly fertilised three 
iong-styled plants were at first raised. The fertility 
of these six illegitimate plants was carefully observed ; 
but I must premise that I cannot givo any satisfactory 
standard of comparison as far as the number of the 
seeds is concerned ; for though I counted the seeds 
of many legitimate plants fertilised legitimEitely and 
illegitimately, the number varied so greatly during 
successive seasons that no one standard will serve well 
for illegitimate unions made during different seasons. 
Jloreover the seeds in the same capsule frequently 
differ so much in size that it is scarcely possible 
to decide which ought to be counted as good seed. 
There remains as the best standard of comparison the 
proportional number of fertilised flowers which pro- 
duce capsules containing any seed. 

First, for the one illegitimate short-styled plant. 
In the course of three seasons 27 flowers were illegiti- 
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mately fertiliser! with pollen from tke same plant, and 
they yielded only a single capsule, whichj however, con- 
tained a rather large number of seeds for a union of 
this nature, namely, 23. As a standard of comparison 
I may state that during the same three seasons 44 
llouers borne by legitimate short-styled plants were 
seif-fertilised, and yielded 2d capsules; so that the 
fact of the 27 flowers on the illegitimate plant having 
produced only one capsule jnoves how sterile it was. 
To show that the conditions of life were favoTirable, 
I will add that numerous plants of this and other 
species of Primula all produced an abundance of 
capsules whilst growing close by in the same soil with 
the present and follo’wing plants. The sterility of the 
above illegitimate short-styled plant depended on 
both the male and female organs being in a deterio- 
rated condition. This was manifestly the case with 
the pollen ; for many of the anthers were shii veiled 
or contabeseent. Nevertheless some of the anthers 
contained pollen, with which I succeeded in fertilising 
some flowers on the illegitimate long-styled plants 
immediately to be described. Four flowers on this 
same short-styled plant were likow'ise fer- 

tilised with pollen from one of the following long- 
styled plants; but only one capsule was pj'oduced, 
containing 26 seeds ; and this is a very low' number 
for a legitimate union. 

A\ith respect to the fivo illegitimate long-styled 
plants of the first generation, derived from the alK>ve 
selt-fertilised short-styled and long-styled parents, 
their fertility was observed during the same three 
years. These five plants, when self-fertilised, difi'ered 
considerably from one another in tlieir degree of 
fertility, as was the caso with the illegitimate long- 
styled plants ol Ly thrum Balicaria: and their fertility 
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varied mucli according tc tlio season, I may premise^ 
i \3 a standard of coin pari son, that during tlie same 
years flowers on legitimate long«styled plants of 
tlie same age and grown in the same soil, w^ero fer- 
tilised with their own pollen, and yielded 27 capsules ; 
that is, 4S per cent. On one of the live illegitimate 
long-styled plants 36 flowers were self-fertilised in 
the course of the three years, but they did not produce 
a single capsule* Many of the anthers on this plant 
w-ere contahescent : but some seemed to contain 
sound pollen. Nor were the female organs quite 
impotent; for I obtained from a Uffitimate cross one 
capsule with good seed. On a second illegitimate 
long-styled plant 44 flowers were fertilised during the 
stime years with their owm pollen, hut they produced 
only a single capsule. The third and fourth plants 
were in a very slight degree more productive. The 
flfth and last plant was decidedly more fertile ; for 
42 self-fertilised flowers yielded 21 capsules. Alto- 
gether, in the course of the three years^ no less than 
160 flowers on these five illegitimate long-stjdcd 
plants w'ere fertilised with their own pollen, but they 
yielded only 22 capsules. According to the standard 
above given, they ought to imve yielded 80 capsules. 

These 22 capsules contained on an average 15*1 seeds 
I believe, subject to the doubts before specified, that 
with legitimate plants the average number from a 
union of this nature would have been above 20 seeds, 
Twenty-four flowers on these same live illegitimate 
long-styled plants were legitimately fertilised with 
pollen from the above-described illegitimate short- 
styled plant, aiifl produced only 11 cajjsules, which is 
an extremely small number for a legitimate union. 
These 9 capsules, how^everj contained an average of 38 
a])parently good seeds, which is as large a number as 
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legi timatG pi an ts som et imea yield, E ut this h i gh aver- 
age was almost certainly false ; and I mention the case 
for the sake of showing the difficulty of arriving at a 
fair result ; for this average mainly depended on two 
capsules containing the extiaordmary numbers of 75 
and 56 seeds; these seeds, however, though I felt 
bound to count them> were so poor that, judging from 
trials made in other cases, 1 do not supj>ose that one 
would have germinated ; and therefore they ought not 
to hare been included. Lastly, 20 flowers were legiti- 
mately fertilised wdth pollen from a legitimate plant, 
and this increased their fertility ; for they produced 
10 capsules, Yet this is hut a very small projxjrtion 
for a legitimate union. 

There can, therefore, he no doubt that these five 
long-styled plants and the one short^styled plant of 
the first illegitiniate generation were extremely sterile. 
Their sterility was shown, as in the case of hybrids, 
in another w-ay, namely, by their flowering profusely, 
and especially by the long endurance of the flowers. 
For instance, I fertilised many flowers on these plants, 
and fifteen days afterw'ards (viii, on 3Iarch 2lind) I 
fertilised iiuiiierous long-xstyled and short-styled flowers 
on common cowslips growing close by. These latter 
flowers, on Ajuil 8th, were withered, w hilst most of the 
illegitimate flowers remained quite fresh for several 
days subsequently ; so that some of these illegitimate 
plants, after being fertilised, remained in full bloom 
for above a month. 

We will now turn to the fertility of the 53 illegiti- 
mate long-styled grandcluldren, descended from the 
long-styled plant wliich was first fertilised with its 
owui pollen, 1 he pollen in tw^o of these plants iueludcd 
a multitude of small and shrivelled grains. Never- 
tlieles.^ they were not very sterile ; for 25 flowers, fer- 
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tilised with their uwii pollen, [>ro(luced lo capsules, 
coutiiiiiiiig an average of 16 seeds. As already 
stated, the probable average with legitimate plants 
for a unit>n of this nature is rather above 20 seeds. 
These plants were remarkably healthy and vigorous, 
as long as they were kept under highly favourable 
conditions in pots in the greenhouse ; and such treat- 
ment greatly increases the fertility of the cowslip* 
M hen these same plants w ore planted during the next 
year (which, however, was an unfavourable one), out 
of doors in good soil, 20 self-fertilised flowers pro- 
duced only 5 capsules, containing extremely few’ and 
wretched seeds. 

Four long-styled great-grandchildren were raised 
from the self-fertilised grandchildren, and were kept 
under the same highly favourable conditions in the 
greenhouse ; 10 of their flowers were fertilised with 
owTi-forui pollen and yielded the large proportion of 6 
capsules, containing on an average 18 '7 seeds* From 
those seeds 20 long-styled great-great-grandchildren 
were raised, which were likewise kept in the greenhouse. 
Thirty of their flowers were fertilised with their own 
pollen and yielded 17 capsules, containing on an aver- 
age no less than 32, mostly fine seeds* It appears, 
therefore, that the fertility of these plants of the fourth 
illegitimate generation, as long as they were kept 
under highly favoiirable conditions, had not decreased, 
but had rjither increased* The result, however, was 
widely di fibre nt when tliey were planted out of doors 
in good soil, where other cowslips grew’ vigorously and 
were Completely fertile | for these illegitimate [dants 
now^ became much dwarfed in stature and extremely 
sterile, nulwithstanding that they w ere exposed to the 
visits of insects, and must have been legitimately ter- 
tilised by tlie surrounding legitimate plants* whole 
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row of those plants of the fourth illegitimate genera- 
tion, thus freely exposed and legitimately fertiUsed, 
produced only 3 eajjsulea, etmtaining on an average 
only 17 seeds. During the ensaiug winter almost all 
these plants died, and the few survivors were miserably 
unhealthy, whilst the surrounding legitimate plants 
were not in the least injured. 

Tlie seeds from the great-great-grandchildren were 
sown, and 8 long-styled and 2 short-styled plants of 
the fifth illegitimate generation, raised. These whilst 
still in the greenhouse produced smaller leaves and 
shorter flower-stalks than some legitimate plants with 
which they grew in competition ; but it should be ob- 
served that the latter were the product of a cross with, 
a fresh stock,— a circumstance w'hich by itself wwld 
have added much to their vigour.* When these ille- 
gitimate plants were transferred to fairly gix>d soil 
out of doors, thev became during the two following 
years much more dwarfed in stature and produced very 
few dower-stems ; and althou^rh thev must have been 
legitimately fertilised by insects, they yielded cap- 
sules, compared with those produced by the surround- 
ing legitimate plants, in the ratio only of 5 to 100! 
It is therefore certain that illegitimate fertilisation, 
continued during successive generations, aftects the 
powders of growth and fertility of P. veri$ to an extra- 
ordinary degree ; mom especial I y when the plants are 
exposed to ordinary conditions of life, instead of being 
protected in a greenhouse, 

Kffmi-sty/ecl red mrieHy qf veriN. — ^Ir. Scott has described t 

tt plant of thii; kind growing in tho Botanic Gartlen of Btlin- 
hurgh. He eta tea that it was highly self- fertile^ although insects 
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were e^elntled; and he explains tliia fact hy showing, firsts that 
the anthers and stigma are in closse apiMsition, and that the 
stamens in length, position and size of their pollen-grains 
reseinhle those of tho short-styled form^ whilst the pistil re- 
sembles that of the long-styled form, both in length and in the 
structure of the stigma, llonco the aelf-union of this variety is, 
in fact, a legitimate union, and consequently is highly fertile* 
Mr. Scott furtVior states that this variety yielded very few seeds 
when fertilised by either the long- or short-styled common 
cowslip, and, again, that both forms of the latter, when fertilised 
by the equal-sty le^;l variety, likwise produced very few seeds* 
but his experiments with the cowslip were few, and my results 
do not confirm his in any uniform manner, 

I raised twenty plants from self-fertilised seed sent me by Mr. 
Scott ; and they all produced red flowers, varying slightly in 
tint. Of these, two W'oro strictly long-stylod lx>th in structure 
and in function ; for their reproductive powers ivere tested by 
. crosses with both forms of the common cowslip. Six plants 
were equal-styled ; but on the same plant the pistil varied a 
good deal in length during different seasons. This was likewise 
the case, according to Mr. Scott, with the parent-plant. Jjastly, 
twelve plants were in appearance short-sty le<l ; but they varied 
much more in the length of their pistils than ordinary short- 
styled cowslips, ftud they differed widely from the latter in 
their povrers of reproduction. Their pistils had become short- 
styled in etruetiiro, whilst remaining long-styled in function. 
Short-styled cowslips, when insects are excluded, are extremely 
barren: for instance, on one occasion six fine plants produced 
only about 50 seeds (that is, less than the proiluct of two good 
capsules), and on another occasion not a single capsule* Now, 
when the above twelve apparently short-styled seedlings were 
similarly treated, nearly all produced a great abundance of 
capsules, containing numerous seeds, Fwhich germinated re- 
markably well. Moreover three of these plants, which during 
the first year w'ero furnished with quite short pistils, on the 
following year produced pistils of extittordinary length. The 
greater number, therefore, of these short-styled plants could not 
be distinguished in function from the equal-styled variety. The 
anthers in the six equal-styled and in the apparently twelve 
short-styled plants were seated high up in the eoiolla, as in the 
true stiort-styled co^vslipi and the pollen-grains resembled 
those of the same form in their large size, but were mingled 
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with a few shrivelled grain b. In function this pollen was 
identical with that of the short-styled cowslip ; for ten long- 
styled flowers of the common cowElip, legitimately fertilised 
with pollen from a true equal-styled variety, produced si^c cap- 
suies, containing on an average 34-4 seeds; whilst seven cap- 
sules on a short-styled cowslip illegitimately fertiliscAl with 
pollen from the equal sty letl variety^ yielded an average of only 
14*5 seeds. 

As the equal-styled plants differ from one another in their 
powers of reproduction^ and as this is an important -sulsjeet^ 
I will give a few details with respect to five of them. First, an 
equal-styled plant, protected from iiiSGcts (as was done in ah 
the following cases, with one stated exception), spontaneously 
produced numerous capsules, five of which gave an average of 
44 '8 seeds, with a maximum in one capsule of 57. But ik 
capsules, the product of fertilisation with pollen from a short- 
styled cowslip (and this is a legitimate union), gave an average 
of 28 '5 seeds, with a maximum of 49 ; and this is a much lower 
average than might have been expected. Secondly, nine cap- 
sules from another equal-styled plant, which had not been 
protected from insects, but probably was self-fertilised, gave an 
average of 45 '2 seeds, with a maximum of 58. Thirdly, another 
plant wbieh had a very short pistil in lSfi5, produced spon- 
taneously many capsules, six of which contained an average of 
8cl'9 seetls, with a maximum of 38. In IBflG this same plant 
had a pistil of wonderful length; for It projected quite above 
the anthers, and tho stigma resembled that of the long-styled 
form. In this condition it i^rcKluced spontaneously a vast 
number of fine capsules, six of ’which contained almost exactly 
the same average number as before, viz* 34 8, with a maximum 
of 38. Four flowers on this plant, legitimately fertilised ’with 
pollen froni a short-styled cowslip, yielded capsules with an 
average of 30 '2 seeds. Fourthly, another short-sty kd plant 
Spontaneously produced in 18 G5 an abundance of capsules, ten 
of w'hich contained an average of 35 "6 seeds, with a maximum 
of 54. In 1866 this same plant had become in all respects long- 
styled, and ten capsules gave almost exactly the same average 
as before, viz. 35 ’1 seeds, with a maximum of 47. Eight 
flowers on this plant, legitimately fertilised with pollen from 
a skort-atylcd cow^slip, produced six capsules, with the high 
average of 53 seeds, and the high maximum of 67. Eight 
flow'ers w ere also fertilised with poUen from a long-styled cow- 
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slip (tliia an illogitimate union), and produced Reyen 

capsules containing an average of 24 '4 seeds, with a masimimi 
of 32. The fifth and last plant remained in the same condition 
during lx>th years : it had a i>istil rather longer than that of the 
true short-styled form, with the stigma smooth, as It ought to 
be in this form, but abnormal in shape, like a mneh-elongated 
inverted cone. It produced spontaneously many eayisnlca, five 
of which, in 1865, gave an average of only 15-6 seeds; and in 
1866 ten capsules still gave an average only a little higher, viz. 
of 22' 1, with a maximum of 30. Sixteen flowers were fertilised 
with pollen from a long-styled cowslip, and produced 12 cap- 
sules, with an average of 24 '0 seeds, and a maximum of 42. 
Eight flowers "wero fertilised wdth pollen from a short-styled 
cowslip, but yielded only two capsules, ctoutaining 18 and 23 
seeds. Hence this plant, in function and partially in structure, 
was in an almost exactly intermediate state between the long- 
styled and short-styled form, but inclining towards the short- 
styled ; and this aocsounts for the low average of seeds wiiich it 
produced when spontaneously self-fertilised. 

The foregoing five plants thus differ much from one another in 
the nature of their fertility* In two individuals a great diflference 
in the length of the pistil during two succeeding years made no 
difference in the number of seeds produced. As all five plants 
possessed the male organs of the short-styled form in a perfect 
state, and the female organs of the long-styled form in a more 
or less complete state, they spontaneously produced a surprising 
number of capsules, which generally contained a large average 
of remarkably fine seeds. With ordinary cowslips, 
feriiUs£d^ I once obtained from plants cultivated in the green- 
house the high average, from seven capsules, of 58 '7 seeds, with 
a maximum in one capsule of 87 seeds ; but from plants grown 
out of doors I never obtained a higher average thsm 41 seeds. 
Kow two of the equal-styled plants, groivn out of doors and 
spontaneously self-fertiUsed, gave averages of 44 and 45 seeds ; 
but this high fertility may per Imps be in part attributed to the 
stigma receiving pollen from the surrounding anthers at exactly 
the right jieriod. Two of these plants, fertilised with pollen 
from a short-styled cow'slip (and this in fact is a legitimate 
Union}, gave a lower average than Tvhen self- fertilised. On the 
other hand, another plant, when similarly fertilised by a cowslip, 
yielded the unusually higli average of 53 seeds, with a maximum 
of 67, Lastly, as we have just seen, one of these plants was in 
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an almost, exactly intermediate condition in its female OT^ang 
between the long- and Rliort-styled forms, and consequently, 
when Bdf-fertilised, yielded a low average of seed. If we add 
together all the experiments which I matle on the equal-styled 
plants, 41 spontaneously self-fertilised capsnles (insects having 
been exchided) gave an average of 34 seeds, which: is exactly the 
Fmmc nnmber a-s the parent- plant yielded in Edinburgh. Thirty- 
four dowers, fertilised with ix>llen from the short-styled cowslip 
(and this is aii analogous union), produced IT capsules, contain- 
ing an average of 33 '8 seeds. It is a rather singular circum- 
stiincc, for which I cannot account, that 20 floivcrs, artificially fer- 
tilised on one occasion with pollen from the same plants, yielded 
only ten capsules, containing the low average of 26 T seeds. 

As bearing on inheritance, it may be added that 72 seed- 
lings w'cre raised from one of the red-flowered, strictly equal- 
styied, self-fertilised plants descended from the similarly eha- 
racteri.sed Edinburgh plant " These 72 plants were there- 
fore grandchildren of the Edinburgh plant, and they all bore, 
as in the first generation, red flowers, with the exception of 
one plant, wdiich reverted in colour to the common cowslip. 
In regard to structure, nine plants were truly long-styled 
and had their stamens seated low down in the corolla in the 
proper position; the remaining 63 plants were equal-styled, 
though the stigma in about a dozen of them stood a little below 
the anthers. We thus see that the anomalous combination in the 
same tlow^er, of the male and female sexual organs which properly 
exist in the two distinct forms, W'as inherited with much force. 
Thirty-six seedlings wore also mised from long- and shoid-styled 
common cowslips, crossed with pollen from the equal-styled 
variety. Of these plants one alone was equal-styled, 20 were 
short-styled, but with the pistil in three of them rather too 
long, and the remaining 15 w^cre leng-stylcd. In this ease we 
have an illustration of the difference between simple inheritiince 
and prepotency of transndsfiion ; for the equal-styled variety, 
when self-fertilised, transmits its character, as we have just 
seen, with much force, but when crossed "witli the coimuou 
cowslip cannot withstand the greater power of transmission of 
the latter. 



Pul MON ARIA, 

I have little to fay on this genus. I obtained seeds of l\ 
dnaih irom a garden Avhere the long-styled form alone grew, 
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aiul raip«d II fle^dling^, which were all iong-stjifid. These 
plants were ramed for me l\v Dr. Hooker. They diffei-Ofl, m has 
lieen shown, from the plants lieloiijdng to tliia" species which in 

Germany wereeTtperimented on by Hildebrand;* for he found that 

the loug-styled form was absohitely sterile with its own pollen » 
wliilst my long-styled seedlings and the parent-plants yielded a 
fair supply of seed when self-fertilisod. Plants of the long- 
styled form of Fidmomr^ angmti/olia were, like Hildebrand’s 
plants, absolutely sterile with their own pollen, so that I could 
never procure a single seed. On the other hand, the short- 
styled plants of this sp^-jcies, differently from those of P. oji.^ 
cinalk, were fertile with their own pollen in a quite remarkable 
degree for a heteroatyled plant. From seeds carefully self-fer- 
tilised I raised IS plants, of which 13 proved short-styled and 
5 longHstyied. 

Poltgont:.w fagofveum:. 

From flowers on long-styled plants fertilised illegitimately 
with pollen from the same plant, 49 seedlings were raised, and 
these consisted of 45 long-styled and 4 short-styled. From 
flowers on short-styletl plants illegitimately fertill.-^d with ix)llen 
from the saine plant 33 seedlings were raised, and those con- 
sisted of 20 short-styled and 13 long-styled. So that the usual 
rule of illegitimately fertilised long-styled plants tending much 
mere strongly than short-styled plants to reproduce their own 
form here holds good. The illegitimate plants derived fnym 
both forms flow'cred later than the legitimate, and w-ere to the 
latter in height as 69 to 100. But as these illegitimate plants 
were descended from parents fertilised with their own pollen, 
whilst the legitimate plants were deBCended from parents crossed 
W'ith pollen from a distinct individual, it is impKissible to know 
how much of their difference in height and period of flowering 
is due to the illegitimate birth of the one set, and how much 
to the other set Ijeing the product of a cross betweeu distinct 
plants. 

Cancludm^ Eemarks on the nh{/iPmmte 0ffn2)rm(/ of 
Beterod^ied Trhnor 2 >MG and Dimorphic Blunts. 

It is remarkable how closely and in how many points 
illegitimate unious between the two or three forms of the 

* ‘ L!ot. Zeitungf laiw, p. 13. 
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same heterostyled species, together with their illegiti- 
mate oflspnng, resemble hybrid unions between distinct 
species together with their hybrid offspring. In both 
cases wc meet with eyery degree of sterility, from very 
slightly lessened fertility to absolute barrenness, when 
not even a single seed-capsule is produced. In both 
cases the hicility of effecting the first union is much 
influenced by the conditions to which the plants are 
exposed.* Jiotli with liybrids and illegitimate phmts 
the innate degree of sterility is highly variable in 
plants raised from the same mother-plant. In both 
cases the male organs are more plainly affected than 
the female j and we often find contabeseent anthers 
enclosing shrivelled and utterly powerless pollen- 
grains. The more sterile hybrids, as !!\Ias Wichura 
has well shown,t are sometimes much dwarfed in 
statuTe, and have so weak a constitution that they are 
liable to premature death ; and wo have seen exactly 
parallel cases with the illegitimate seedlings of Lythnim 
and Primula. l\Iany liybrids are tlie most persistent 
and p^rofuso flowerers, as are some illegitimate plants. 
When a hybrid is crossed by either pure parent-form, 
it IS notoriously much more fertile than when crossed 
inter se or by another hybrid ; so when an illegitimate 
plant is fertilised by a legitimate plant, it is more 
fertile than when fertilised inter se or by another ille- 
gitimate plant* When two spiecies are crossed and 
they produced numerous seeds, w'o expect as a general 
rule that their hybrid offspring will be moderately 
fertile ; but if the parent spceics produced extremely 
few seeds, wo expect that the Jiybrids will bo very 

* Thii baa been remurkqd by ebaptara stTilciTig illustration in 
uiLiiiy eipeiiineqtili^tsia the Ciiae of v^ris. 

firoiisied between diatinct ap^jea; i 'Die Baatarclbelruchtung 
and in regard tu lllegititikato PUanzenreifrb,’ IStiS* 
uninna 1 have giTtn in the Jiri*t 




Chap. V, 



irETEEOSTYLED PLANTS. 



241 



sterile. But tliere aro marked exceptions, as shown 
by Gartner, to these rules. So it is with illegitimate 
unions and illegitimate offspring. Thus the mid- 
sty led form of Ljj thrum salicaria^ when il legitimately 
fertilised with pollen from the longest stamens of 
the short-styled form, produced an uu usual number 
of seeds ; and their illegitimate offspring were not at 
all, or hardly at all, sterile. On the other hand, the 
illegitimate offspring from the loiig^styled form, ferti- 
lised with pollen from the shortest stamens of the same 
form, yiehled few seeds, and the illegitimate offsjiring 
thus produced were very sterile ; but they were more 
sterile than might have been expected relatively to the 
difficulty of effecting the union of tlio parent sexual 
elements. Xo point is more remarkable in regard to 
the crossing of species than their unequal reciprocity. 
Thus species A will fertilise B with the greatest ease ; 
but B will not fertilise A after hundreds of trials. We 
have exactly the same case with illegitimate unions ; 
for the mid-sty led Lytlwum saMcaHa was easily ferti* 
Used by pollen from the longest stamens of the short - 
styled form, and yielded many seeds ; but tlie latter 
form did not yield a single seed wdien fertilised by the 
longest stamens of the mid-styled form* 

Another important j>oiut is prepotency, Gartner 
has shown that wdien a species is fertilised with pollen 
from another species, if it bo afterwards fertilised with 
its own pollen, or with that of the same species, this 
is so pre])otent over the foreign pollen that the effect 
of the latter, tliough placed on the stigma some time 
previously, is entirely destroyed. Exactly the same 
thing occurs with the two forms of a heterostyled 
species. Thus several long-styled flowers of Frimula 
verk w'ero fertilised illegitimately wdth pollen from 
another plant of the same form, and twenty-four hours 
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aft or winds legitimately with jH>Ueii from a short^stylerl 
Uark*rcd polyanthus which is a variety of F. ftrris; 
aml the result was that every one of the thirty seed- 
lings thus raised bore Jlowers more or less red, show- 
ing plainly how prepotent the legitimate pdlen from 
a short-styled plant was over the illegitimate pollen 
from a long-styled plant. 

In all the several Ibregoiug points the parallelism is 
wonderfully close between the effects of illegitimate 
and hybrid fertilisation. It is hardly an exaggeration 
to assert tliat seedlings from an illegitimately fer- 
tilised heterostyled plant are hybrids formed within 
the limits of one and the s^ime species. This conclu- 
sion is important, for we tlma learn that the didiculty 
in sexually uniting two organic forms and the sterility 
of tlieir offspriiigj afford no sure criterion of so-call(xl 
specific distinctness. If any one were to cross two 



nil 



varieties of the same form of Lythriun or Primula for 
the Mke of ascertaining w hether they w^ere specifically 
distinct, and he found that they could be united only 
w ith some difficulty, that their oil spring w ere extremely 
sterile, and that the parents and their offspring re- 
sembled in a whole series of relations crossed species 
and their hybrid offspring, bo might maintain that lus 
varieties had been proved to bo good and true species ; 
but he would be completely deceived. In the second 
place, as the forms of the same trimorphic or dimorplne 
heterostyled species are obviously identical in general 
struct uro, with the exception of tlie reproductive 
organs, and as they are identical in general cunstitu* 
tion (for they live under precisely the same condi- 
tions), the sterility of their illegitimate unions and 
that of their illegitimate offspring, must depend ex- 
elusively on the nature of the sexual elements and 
on their incomj>atibility for uniting in a particular 





libraries 




ClfAP, V* 



HETEROSTYLED TLAXTS. 



2i3 



inaiiner. And as wo have just seen that distinct species 
when crossed resemble in a whole series of relations the 
forms of tlie same species when illegitimately united, 
we are led to conclude that the sterility of the former 
must likewise depend esiclusively on the incompatible 
nature of tlicir sexual elements, and not on any general 
dilTereiiee in constitution or structure. We are, indeed, 
led to this same conelinsion hy the impossibility of de- 
tecting any differences sufficient to account for certain 
species crossing with the greatest ease, whilst other 
closely allied species cannot be crossed, or can be crossed 
only with extreme difficulty We are led to this con- 
elusion still more forcibly hy considering the great 
difference which often exists in the facility of crossing 
reciprocally the same two species : for it is manifest in 
this c^ise that the result must depend on the nature of 
the sexual elements, the male element of the one 
iqieciea acting freely on the female element of the 
other, but not so in a reversed direction. And now" we 
see that this same conclusion is independently and 
strongly fortified by the consideration of the illegiti- 
mate unions of trimorphie and dimorphic heterostyled 
plants. In so complex and obscure a subject as liyhrid- 
isjD it is no slight gain bj arriye at a definite concln- 
&i<m, namely, that vve must look exclusively to fitnc- 
tioTial differences in the sexual elements, as the cause 
of the sterility of species when first crossed and of 
their liybrid offspring. It was this consideration which 
led me to make the many ohseryations recorded in this 
chapter, and w hich in any opinion make them worthy 
of publi cation. 
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CHAPTEii YI, 

CONCt-riJlNO Remawks om" Hetekosttleu Flasts- 

Tho essential oharacttir of heteroatyled plant*— Bn mmary nf Hie 
diHeroDoes in t'crtHity between legitimately and illegititnately fe> 
tilLsecl plant* — DlaiiiGter of tho pollen-gmiina, si kg of anther* and 
etrncture of stigma in the diffeteiit forms — Afiiuitiea of tbo get»eri 
wliicli include lietetoatyled apeciee— Nature of the advuutngea 
derived from hetem&tyiiain— The luftins by wldeh plants beeame 
hoterostyleJ — Tmnaniihsioii of form — Kqual-Btyled varieties of 
Leterobtylod plants — Final remarks. 

In the forcf^oing oliaptera all the heterostylecl plants 
knoiYii to me have been metre or less fully described. 
Several other eases have been indicated, especially by 
Professor Asa Gray and Knhn,* in which the indh 
vi duals of the same species differ in the length of 
their stamens and pistils ; but as I liave been often de- 
ceiv^ed by this eharactor taken alone j it seems to me 
the more prudent course not to rank any species as 
heterostyledj unless we have evidence of more impor- 
tant differences between the forms, as in the diameter 
of the ixdlen-grains, or in the structure of the stigma. 
The individuals of many ordinary hermaphrodite plants 
habitually iertilise one another, owing to their male 
and female organs being mature at different peri<.>ds, 
or to the structure of the parts, or to sell-aterility, ; 
and so it ig with many hermaphrodito aniriiais, lor 
instance, land*snails or oarth-wonns ; hut in ali these 
cases any one individual can fully fertilise or be ferti- 



* * Ameripoo Journ. claowljere aa alrctnly reftJrreil 

of Stitiiice, 1S05, p, 10 i ; imJ Kulm, ‘Bot. ZuitungiMd07, t7. 
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li9(?d by any otiicr individual of the same species. This 
is not so with heteroatyled plants; a long-styled, mid- 
styled or short-styled plant eannot fully fertilise or 
be fertilised by any other individual kit only by 
one belonging to another form. Thus the essen- 
tial character of plants belonging to the hetcrostvlcd 
class is that the indi%ddiials are divided into two or 
three bodies^ like the males an<l females of dioecious 
plants or of the higher animals^ which exist in approxi- 
mately equal numbers and arc adapted for reciprocal 
fertilisation. The existence, therefore, of two or three 
bodies of individuals, diifcringfrom one another in the 
above more important characteristics, offers by itself 
good evidence that the species is heterostyled. But 
absolutely conclusive evidence can be derived only 
from experiments, and by fiiiding that pollen must be 
applied from the one form to the other in order to 
ensure complete fertility. 

In order to show how much more fertile each form 
is when legitimately fertilised with polleu from the 
other form (or in the case of tri morph ic species, with 
the proper pollen from one of the two other forms) 
than when illegitimately fertilised with its own-form 
pollen, I w ill ajjpend a Table (d3) giving a summary 
of the results in all the cases hitherto ascertained. 
The fertility of the unions may he judged by two 
etan<lards, namely, by the proportion of flow^ers which, 
when fertilised in the tw'o methods, yield capsules, and 
by the average niimkr of seeds per eapsule. When 
there is a dash in the left-hand column opposite to 
the name of the species, the proportion of tho flowers 
which yielded capsules w'as not recorded. 

The two or three forms of the same heterostyled 
species do not differ from one another in general habit 
or foliage, as sometimes, though rarely, happens with 
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Table 33. 



Fertility of the Legitimate Vnmtis taken tf)yether^ TOmparwi Kt/ii 
th ft (/ the IJkyUiTnuie Utiions toye.ther. ITie fertility of the 
Leffitiiridte Unims, asjudtjed by both standurd^i u tal:eims ICK)* 



Ssmt of Speciea. 


iLtcgltimata Untoaa 


Pnipurtl-onal 
N umber uf 
Floi!cefs 
viThicb fTfr 
duOPd 


AYfrap 
Nanib?r ^:if 

Seedri jtrf 

Capsule. 


rriinula Teris ... * * 


K * 1 


1 


09 


65 


P. elatior ...**.* 


■ IP 


■ 


27 


75 


P, vulgaris .>***. 


■ 1 1 


- 


60 


54 


P. ^inentiis ,,*... 


•IP* 


- 


84 


63 


F. Slotneis (accctnd trial) 




b 


0 


53 


P. Siii«nsis (Hildebrand) 


P ■ ■ 


W 


100 


42 


P. fturicula (Scott) . . * ■ 


- 


1 


80 


15 


Sikkimensjs „ . * ■ * 


■. ■ a 


+ 


95 


31 


P. cortusoides * * . . 


■ ■ » 


. 


74 


66 


P. iDYoluorAta . 


i 1 ■» 


■ 


73 


48 


P. fariiutaft *, * . . * 






71 


44 


Average of the nine speclea of Primula 


- 


Sfi-4 


69 


Hottonia pulustri? (H* Miiller) . 


P » 




— 


61 


Linuin graudiflorum (the did'erence prohablji 




69 


is muoh greater) * . , . 


. 


1 






U pereuna 






» 


20 


L, perenne (llildebratid). 


■ 1 ■ 


. 


0 


0 


Pulmonarim otfitipalia (flerinan 


stock, IIilde-\ 


n 


0 


V] H K if- P ■ ■ V 










l^ulniooaris angusti folia 


■ V i 


+ 


35 


32 


Mitchella repent . . . * ^ 


« * 1 


. 


20 


47 


BoTrerla^ Brazilian sp. + 


+ % ■ 


. 


— 


0 


Polygonum iagopYTum . 






— 


46 


Ly thrum .‘^alioaria , . . . 




•b 


S3 


46 


Ojifilia Valdivinua (HlldeLrantl)* 


i b b 


* 


3 


34 


Of KegneLli ,, , 


♦ 1 ■ 


■ 


0 


0 


0. specioen *..... 




■ 


15 


49 



the two sexes of rljoecioiis plants* Kor does the calyx 
diffei', hilt the corolla sometimes differs slightly in simply 
owing to the different jjosition of the anthers* fn Bor- 
reria the hairs within the tiihc of the corolla are differ- 
ently situated in the long-styled and short-styled forms* 
111 Pulmonaria there is a slight difference in the size of 
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the corolla, and in Pontcderia in its colour. In the re- 
productive organs the ilifferences are nnich. greater and 
more important* In the one form the stamens may be 
all of the same length, and in the other graduated in 
length, or alternately longer and shorter. The fila- 
ments may differ in colour and thickness, and are 
sometimes nearly thrice as long in the one form as in the 
other. They adhere also for very different ]jroportional 
lengths to the corolla. The anthers sometimes differ 
much in size in the two forms. Owing to the rotation 
of the filaments, the antherg, when mature, dehisce to- 
wards the circumference of the flower in one form of 
Faramea, and to^vards the centre in the other form. The 
pollen-grain g sometimes differ conspicuously in colour, 
and often t,o an extraordinary degree in diameter* 
They differ also somewhat in shape, and apparently in 
their contents, as they are unequally opaque* In the 
short-styled form of Faramea the pollen-grains are 
covered with aliarp points, so as to cohere readily to- 
gether or to an insect ; whilst the smaller grains of the 
long-styled form are quite smooth* 

With respect to the pistil, the stylo may he almost 
thrice as long in the one form as in the other* In 
Osalis it sometimes differs in hairiness in the three 
forms. In Linum the pistils either diverge and pass 
out between the filaments, or stand nearly upright and 
parallel to them. The stigmas in the two forms often 
differ much in size and shape, and more especially in 
the length and thickness of their papillae ; so that 
the surface may be rough or quite smotjth. Owing to 
the rotation of the styles, the papillose surface ot 
the stigma is turned outwards in one form of I/inuM 
pereiine^ and inwards in the other form. In flowers of 
the same age of PTiMidct veris the ovules are larger in 
the long- styled than in the short-styled form. Ihe 
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seeds produced by the two or three forraa often differ 
ill number, aud sometimes in h\zq and weight ; thus, 
live seeds from tlie long-styled form of Lijthnm sali- 
caria equal in weight six from the mid-sty led and 
seven from the sliort-styled form. Lastly, short-styled 
plants of Fiilmonaria o^cinalw hear a larger number 
of fiowerSj and these set a larger proportional number 
of fruit, which however yield a lower average number 
of seed, than the long-styled plants. With hetero 
styled plants wo tlms see in how many and in what 
important characters the forms of the same undoubted 
species often differ from ono another— characters w hieh 
ith ordinary plants would be amply suflicient to dis- 
tinguish species of the same genus. 

As tlie pollen-grains of ordinary species belonging 
to the same genus generally resemble on© another 
closely in all respects, it is w orth while to show, in the 
following table (M), the difference in diameter be- 
tween tho grains from tho two or three forms of the 
same heterostyled species in the forty-three cases in 
w hich this was ascertained. But it should be observed 
that some of the following measurements arc only 
ajipToximatcly accurate, as only a few grains were 
measured. In several cases, also, tho grains had been 
dried and were then soaked in water. Whenever they 
were of an elongated shape their longer diameters 
were measured. The grains from the short-styled 
l>lants are invariably larger than tliose from the long- 
atyled, whenever there is any difference between them. 
The diameter of the former is represented in the table 
by the number 100. 

W e here see that, with seven or eight exceptions 
out of the forty4hree cases, the pollen -grains from one 
form are larger than those from tho other form of the 
same species. The extreme difierence is as 100 to 55 ; 
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Taelb 34. 

Dmmeter of the Pdhh-fjraim from th^ for tm of the same 
]kterostyled Specim ; thoiio from t]i£ skort~styU4 form hdmj 
represented hy 100. 



Dimorphic Specks. 



Frfjm line L'liig- 
Ktyled fjinn. 

I’ll mu la reria . . + + 67 

j, Tutgaria . , * 71 

„ Sincn3is(Hi]iiob3'a]ui) 57 
,, auncula * , . 71 



IlyttcuuapalusitTiafH. IMiilkr) (iL 
„ t, (s^lO- ‘ 64 



Liiium grandifloruin 


109 


„ per«[]iie(diAm€ter va-] 
riable} . . , j 


[lO0(?> 


,, flaTum .... 


l(m 


Pulmonarin odicmalis . 


73 


„ augustifuIiA 


9L 


Polygonum fAgo|>yruiii . 


32 



Lfruaoairila Buruettiaufi . . 99 

Algiphila elatA . . . . 63 

Meuy AD tiles triMiata » + 84 

LitnnantheiniiTn ludicum * 100 

Villai-sia (sp*?) , * , . 75 

Forsytliia suspense ... 94 



Ftxhiu til? Ijcmg- 



Cflrdia (sp.?) , , . . loO 

Gilia pulcheliiii ... * 100 

„ ^ mici-aDtha . . . .81 

Sethia aeumiui-ita . . . 83 

Erythrosyluffl (sp.?) . .93 

Cratoijlom fonnoauin . . 86 

Mitcheila repena, pfdlRn- 
gi-aing of the locg-atyled 
a little smaller. 



berrerta (sp. ?) * . . .92 

Fnramea (sp. ?) , . . .07 

Suteria (ap. ?) (Fdta Muller) 75 
Houstouia cceruLea . . .73 

OldenlaDiJia fsp, ?) , . .73 

Hedyotis (sp. ?) .... S3 
CoceocTTpselum (sp. ?) (F.l , 
Miiiler) . . . . / 

Lipostorna (sp. ?) ... 80 

Giacbona rDiorantha. . . 91 



Trimorphk Species^ 



Rittr> the extreme dlfrerencea 

ij] diameter of the pullcD-graina ftom the 
two wte uf anthers in the [hree furma. 

Ly thrum saticam .... 60 

i'esjta TCTtioilJata . . . . 65 

Oialia Valdiviana (Hildebrand) 71 



IS 



KeghelLi. 



Speoiosa , 
aeusitiva 
Pontederia (aj>. ?) 



M 

IS 



'3 

80 

34 

55 



Ratio- hetween the dtameters of the pollesu 
grains of the two sets of autbeia iu the 
same form. 



Oualis rosea^ long-atylod form I 
(Hildebrand). . ./ 

compressa^ short-styled 
form .... 
Pontedei'ia (sp. ?) short-sty led 1 
form . , . . / 

Othi?r sp., mid-sty led I 
form . . . - J 






83 



83 



87 

86 



an<l we should bear in mind that in the case of 
spheres dilFeriiig to this degree in diameter, their 
contents dijfer in the ratio of six to one. ^\ith all 
the species in which the grains differ iu diameter, 
there is no exception to the rule that those irom the 
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imthers of tlie short-styled form, the tubes of which 
Jia\^G to penetrate the longer pistil of the long-styled 
form, are larger than the grains from the other form. 
This curious relation led Deljuno * (as it formerly did 
me) to believe that the larger size of the grains in 
tlio short-styled flowers is connected with the greater 
supply of matter needed for the development of their 
longer tube.s. But the caso of Lin u in, in which 
the grains of the two forms are of equal size, whilst 
the pistil of the one is about twice as long as that 
of the other, made me from the first feel very 
doubtful with respect to this view. doubts have 
since been strengthened by the enses of Limuanthe- 
mum and Coccocypselum, in which the grains are of 
equal size in the two forms ; whilst in the former 
genus the pistil is nearly thrice and in the latter 
twice os long as in the other form. In those species 
in which the grains are of unequal size in tlie two 
forms, there is no close relationship between the de- 
gree of their inequality and that of their pistils. 
Thus in Fulmmiaria officinalis and in Erythujxy- 
hmi the pistil in the long-styled form is about 
twice the length of that in the other form, whilst in 
the former species the pollen-grains are as 100 to 
78, and in the latter as 100 to in diameter. lu 
the two forms of Siiteria the pistil differs but littla 
in length, whilst the pollen-grains are as 100 to 
/5 in diameter. These cases seem to pnjve that the 
difterence in size between the grains in the two 
forms is not determined by the length of the jiistib 
down which tho tubes have to grow. That with 
plants in general there is no close relationship between 
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the of the poHen‘«grains and the leiif^th of the 
pistil is manifest; for instance, I found that the dis- 
tended grains of Datura arlorea were ^00243 of an 
inch in diameter^ and the pistil no less than 9 25 
inches in length ; now the pistil in the small flowers 
of Folff^omim fagopi/rum is very sliort, yet the larger 
pollen -grains from tho short-styled plants had exactly 
the same diameter as those from the Datura, witli its 
enormously elongated pistil, 

Notwithstanding these several considerations, it is 
diflicult quite to give up the belief that the ]^>ollen-grain 3 
from the longer stamens of heterostyled plants have 
become larger in order to allow of the <levclopmcnt of 
longer tubes ; and the foregoing opposing facts may 
possibly be reconciled in the following manner, Tho 
tubes are at first developed from matter contained 
within the grains, for they are sometimes ex sorted 
to a considerable length, before the grains have 
touched the stigma ; but botanists believe that they 
afterwards draw nourishment from the conducting 
tissue of the pistil. It is hardly possible to doubt 
that this must occur in such cases as that of the Da- 
tura, ill wdiich the tubes have to grow’ dowui the whole 
length of the pistil, and therefore to a length equal- 
ling 3, SO 6 times the diameter of tho grains (namelyj 
'0U243 of an inch) from which they are protruded, 
I may hero remark that I have seen the pollen-grains 
of a W'illow, immersed in a very weak solution of honey, 
protrude their tubes, in the course of twelve hours, to 
a length thirteen times as great as the diameter nf the 
grains, Kow’ if we suppose that the tubes in some 
heterostyled species are developed wholly or almost 
wholly from matter contained within the grains, while 
in other species frfjm matter yielded by the pistil, we 
can see that in the former case it would be necessary 
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that the grains of tlie two fonns should differ in size 
relatively to the length of the pistil which the tubes 
have to jienetratej but that in the latter ease it would 
not be necessary that the grains should thus diffen 



tory must remain at present doubtfuL 

There is another remarkable dilTerence between the 
forms of several heterostyled species, namely in the 
anthers of the short-styled flowers, which contain the 



long-styled flowers. This ia the case with Mottonia 
pahistrtfi in the ratio of 100 to 83* With Limnan- 
iheimim ludieum the ratio is as 1(10 to 70, With the 
allied lUenyanthes the anthers of the shoit-stylod foim 
are a little and with Yillarsia conapicuoualy larger 



anrjiistifoUa they vary much in size, hut from an 
average of seven measurements of each kind the ratio 



is a similar difference, either slightly or well marked* 
Lastly^ in the trimorpbic Pontederia the ratio is 100 



shortest stamens in the long -styled form. On the 
other hand, there is a similar and well-marked dillcr- 
enee in the length of the stamens in the two foiins 



are shorter than those of the long-stvIerL The rela- 
tive size of the anthers was not particularly attended 
to in the two forms of the other heterostyled plants, 
but I believe that they are generally equal, as is 
certainly the case with those of the common primrose 
and cowslip, 

liie pistil differs in length in the two forms of every 



AV hether this explanation can bo considered satisfac- 



larger pjollen -grains, being longer than those of the 



tliau those of tho long-styled* With Fulmonaria 



is as 100 to 9i. In six genera of the Rnbiace® there 



to 88 ; the anthers from the longest stamens in the 
short-styled form being compared with those from the 



oi Forsjjthia suspema and of Limim Jiavum ; but in 
these two cases tlie antliers of the short-styled dowers 

_ if 
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lieterostyled plnat, an<l althoTigh a similar dilTercnee 
is very general with the stamens, yet in the two 
forms of Lmum gnmdiflormi and of bordia they are 
equal. There can hardly be a doubt that the" rela- 
tive length of tliese organs is an adaptation for the 
safe transiK^rtal by insects of the pollen from the one 
form to the other. The exceptional cases in which 
these organs do not stand exactly on a level in the two 
forms may probably be explained by the manner in 
which the llowers are visited. With most of the 
species, if there is any difference in the size of the 
stigma in the two forms, that of the long-styled, what- 
ever its sliape may be, is larger than that of the short- 
styled. But here again there are some exceptions to 
the rule, for in the short-styled form of LfJM^osmia 
Burnettiarta the stigmas are longer and much narrower 
than those of the iong-styled ; the ratio between the 
lengths of tJie stigmas in the two forms being 100 to GO. 
In the three Bubiaceous genera, Faramea, Koustonia 
and Oldenlandia, the stigmas of the short-styled form 
are likewise somewhat longer and narrower ; and in 
the three forms of Omlis sendtiva the difterence is 
strongly marked, for if the length of the two stigmas 
of the long-styled jjistii be taken as 100, it will bo 
represented in the mid- and short-styled forms by 
the numbers 141 and 1 64, As in all these cases the 
stigmas of the short-styled pistil are seated low down 
within a more or less tubular condla, it is probable 
tliat they are better iitted by being long and narrow 
for brushing the pollen off the inserted proboscia of 
an insect. 

With many heterostyled plants the stigma diiTers 
in roughness in the tw'o forms, and when this is the 
case there is no known exception to the rule that the 
papillse on the stigma of tlie long-styled torin are longer 
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and often thicker than tliose on that of the short* 
styled. For instance^ the papillte on the long-styled 
stigma of Ilottonia paJmtris are more than twice the 
length of those in the other form. This holds good 
even in the case of Eoustoma ecerulea^ in which the 
stigmas arc much shorter and stouter in the long- 
styled than in the short^styled form, for the papillm 
on the former compared with those on the latter are 
as 100 to 58 in length. The length of the pistil 
in the long-sty loti form of Linum ^rmtdijloruni Taries 
much, and the stigrnatic j-mpilLTe vary in a corre- 
sponding manner. From this fact I inferred at tirst 
that in all cases the difference in lengtli between the 
atigmatic papillie in the two forms was one merely of 
correlated growth ; but this can hardly the true or 
general explanation, as the shorter stigmas of the 
loug-styled form of lloustonia liaye the longer papilhe* 
It is a more probable yiow that the papilla?, which 
render the stigma of the long-styled form of various 
species rough, serve to entangle effectually the large- 
sized pollen-gmins brought by insects from the short- 
styled form, thus ensuring its legitimate fertilisation. 
This viow^ is supported by the fact that the pollen- 
grains from the two forms of eight species in Table 314 
hardly differ in diameter, and the papillte on their 
stigmas do not differ in length. 

The species which are at present positively or 
almost positively know n to he heterostyled belong, as 
shown in the following table, to S8 genera, widely dis- 
tiibnte<i, throughout tlie w'orld. These genera are 
included in fourteen Families, most of which are very 
distinct from one another, for they belong to nine of 
the several great Series, into which phanerogamic 
plants have been divided by Bentham and Hooker. 
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Cratoiylon, 

Erythroiviam. 

Setbio. 

Litnum. 

Osalis. 

Ly thrum. 

Cinchona. 

liouvardia. 

l^lanettia 

Hedjotia. 

01id€QlaD JlR. 

Houstania. 

Coccccypaelum. 

] lipoatoiiia. 

Knoiia. 

FniJimca. 

Psych otria. 
PxF.igea, 

Sutcria. 



Hyppriciaea?. 

ErvthruivleiE. 

• V 

Gemiiaricea;. 

Lythracca^, 

Jlubiacctc. 

jj 

)5 

If 

>7 

)S 

7T 

7» 



Mitchclla. 

Diodia. 

lk>n-eria. 

Sjfe-rmacoce. 

Primula. 

Hottuiiia. 

Alldl’OSLLCp. 

Fo-navtliirt. 

V 

l^IeuyiLTithea. 

L iiTiD Jiuth e m u m . 
Villarsia. 

Gilia. 

Cartliii, 

Pulmnnaria, 

Po-lygiuuitn. 

Thymeka. 



t^ubiacea.-. 

if 

PriiHulawfe, 

)7 

9-P 

Okaceffi. 

Gentianaccie. 

jj 

j) 

Pokmoniacea. 

O^^rdiQae 

Verhenaccffi. 

Polygimeffi. 

Thymcictt:. 



MosOCOnTLEDONS. 
PoDtcderia. Pouted eriacc®. 



Li:i( of Gtne^ra mduding Ileteri^^tyhd 



Dicot YLEE fONs. , 



Dicotyledons. 



In some of these families the heterostyled condition 
must have been acquired at a very remote period. 
Thus the three closely allied genera, Menyantliea, 
Lirnnauthemum, and Viliarsia, inhabit respectively 
Europe, India, and Soutli America. Heterostyled 
species of Hedyotisare found in the temperate regions 
of Korth and the tropical regions of South America. 
Trim Orphic species of Oxalis live on both sides of 
the Cordillera in South America and at the Cape of 
Good Hope. In these and some other cases it is not 
probable that each s]>ccies acquired its heterostyled 
structure independently of its close allies- If they 
did not do so, the three closely connected genera of 
the Menyanthea? and the several trimor[>hic species of 
Oxalis must have inherited their striicture from a 
common progenitor. But an immense lapse of tiine 
will liave been necessary in all such cases for the 
modified descendants of a common progenitor to have 
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spread from a sinful o centre to sack widely remote and 
separated areaa. The family of the Rabiaceae contains 
not far sl^ort of as many kotcroistyled genera as all 
the other thirteen families together; and hereafter 
no doubt other Eubiaoeons genera will be found to 
be heterostyle d^ altkougk a large majority are homO' 
styled, Several rdosely allied genera in this family 
probably owe tkeir heterostyled structure to descent 
in common ; but as the genera tl^us characterised are 
<listributed in no less than eight of the tribes into 
which this family has been divided by Bentham and 
Hooter, it is almost certain that several of them 
must have become heterostyled independently of 
one another, \Vhat there is in the constitution or 
structure of the members of this family which favours 
their becoming heterostyled, I cannot conjecture, 
Some families of considerable size, suck as the Bo- 



raginem and Verbeuaccm, include, as far as is at 
present known, only a single heterostyled genus. 
Polygonum also is the sole licterostyled genus in its 
family ; and thoiigli it is a very large genus, no other 
species except P*/affoptjru}}i is thus characterised, e 
may suspect that it hag become heterostyled within 
a comparatively recent period, ag it geems to be less 
strongly so in function than the species in any other 
genus, for botli forms are capable of yielding a con- 
siderable number of spontaneously self-fertilised seeds. 
Polygonum in possessing only a single heterostyled 
species is an extreme case; but every other genus of 
considerable size which includes some such species 
likewise contains hmnostyled species. Ly thrum in- 
cludes trimorpliic, dimorphic, and homostyled species- 
Trees, bushes, and herbaceous plants, both large 
and small, bearing single flowers or newel’s in dense 
spikes or heads, have been rendered heterostyled. 
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So have plants wliicli inhaljit alpine iinj lowland sites, 
dry laiifL marslies and water.* 

Wli en I first began to expeTimcntise on betero- 
styled plants it was iiiider the impression that they 
were tending to become dioecious ; but I was soon forced 
to relinqnisli tliis notion, as the long-styled plants of 
Primula which, from possessing a longer pistil, larger 
stigma, shorter stamens with smaller pollen-grains, 
seemed to bo the more feminine of the two tbrms, 
yielded fewer see<ls than tlie short-sty lod plants which 
appeared h) be in tlie above respects the more mason* 
line of the two. Moreover, trimorphic plants evidently 
come under the same category with dimorphic, and 
the former cannot be looked at as tendinir to become 
<]ioccious. With Lfjihruni saliearta^ however, we have 
the curious and unique case of the mid-stvlcd form 
being more feminine or less masculine in nature than 
tlie other two forms. Tins is shown by the large 



* Out of the 3S i^ctiera known 
to inchnle heteroatyled apwics, 
about eight, or 21 per cent, kto 
more or le .^9 nt| untie in tijoir 
habits. I was at first struck with 
this fact, for t was not then aware 
how hirgo a proportion of or- 
dinary plants inhabit such sta- 
tions. Hetcrostyled plants may 
be said in one sense to have their 
sexes En^pamtefT,as the furiDS must 
mutually fertilise one ajiotlier. 
'riierefore it stsjmcd worth while 
to asceitain what proixirtion of 
the genera in tho Ijirtncjin chiJist.!S 
Mtjncecia, Dicncia and Poly- 
p.mia. Contained species which 
live in water, marshes, l>»gs or 
watery plfloes.” In Sir W. J. 
Hookcr^s "British Flura’ (4th 
edit, 133S) these three Linna^n 
claasts include 40 genera, 17 of 



’which (i.e, 43 per cent.) contain 
species inhabiting tho jimt-spoci- 
fied stations. So that4H percent, 
of those British plants which 
have their sexes sepiiftited are 
more or lens aquntia in thoir 
habits, whereas only 21 per cent, 
of hetcro-stylud plantn have such 
Jiabits, 1 may luJd that tlie her- 
maphrodite classfis, from Jlonan- 
dria to G-ynandria incluaive, cim- 
tain 447 genera, of which 113 are 
aquatic in tlie above sense, or only 
25 per {M'nt It thus a|>pe;iTS> as 
far as can he jiidgtHl from such 
imperfect data that there is sume 
connection between the aopu ration 
of t]j6 sexes in plants nuJ the 
watery nafure of tlie J^ites which 
they inhabit; hut that this does 
not liold good with lictercstylcd 
Bpoeios. 

a 
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number of see<l9 whicli it yields in whatever manner 
it may be fertilised, and by its pollen (the grains of 
which are of smaller size than those from the cor- 
responding stamens in the other two forms) when 
applied to the stigma of any form producing fewer 
seeds than the normal number.^ If W'e suppose the 
process of deterioration of the male organs in the mid- 
styled form to continue, the dual result would be the 
production of a female plant ; and Ly thrum salieana 
would then consist of two heterostylod hermaphrodites 
and a female. such case is known to exist, but it 
is a possible one, as hermaphrodite and female forms 
of the same species arc by no means rare. AUkough 
there is no reason to believe that heterostyled plants 
are regularly becoming dicecions, yet they ofl'er sin- 
gular facilities, as will hereafter be shown, for such 
conversion ; and this appears occasionally to have been 
effected. 

We may feel sure that plants have been rendered 
heterostyled to ensure cross-fertilisation, for we now 
know that a cross between the distinct individuals of 
the same species is highly important for the vigour and 
fertility of the offspring* The same end is gained by 
dichogamy or the maturation of the reproductive ele- 
ments of the siime flower at different periods, — by 
diceciousness — self-sterility— the prepotency of pollen 
Irom another iiidivi<lual over a plant’s owm jwilenj^an J 
lastly, by the structure of the flower in relation to the 
visits of insects. The wonderful diversity of the means 
for gaining the same end in this case, and in many 
others, depends on the nature of all the previous 
changes through which the species had passetl, and on 
the more or less complete inheritance of the successive 
adaptations of each part to the surrounding conditions. 
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Plants whicli are already well adapted by the structure 
of tlieir flowers for erosa-fertilisation by the aid of 
insects often possess an irregular corolla, wkieh lias 
been modelled in relation to their visits ; and it would 
have been of little or no nae to such plants to have 
become heterostyled* We can thus understand why 
it is that not a single species is hetert^styled in such 
great families as the Legiiminoase, Labiatte, Scrophu- 
lariaceae, Orehide^, all of which have irregular 
flowers. Every known heterostyled plant, however, 
depends on insects for its fertilisation, and not on the 
wind ; so that it is a rather surprising fact that only 
one genus, Pontederia, lias a plainly irregular corolla. 

Why some species are adapted for cross*fertilisation, 
whilst others within the same genus are not so, or 
if they once were, have since lost such adaptation 
and in consequence are now usually self-fertilised, I 
have endeavoured elscwlrere to explain to a certain 
limited extent* If it be further asked why some 
species have been adapted for this end by being made 
heterostyled, rather than by any of the above specified, 
means, the answer probably lies in the manner in 
which heterostylism originated, — a subject immedi* 
ately to be discussed. Heterostyled species, however, 
have an advantage over dichogamous species, as all 
the flowers on the same lieterostyled plant belong to 
the same form, so that when fertilised legitimately by 
insects two distinct individuals are sure to intercross. 
On the other hand, with dichogamous plants, early or 
late flowers on the same individual may intercross ; 
and a cross of this kind does hardly any or no good. 
Whenever it is profitable to a species to produce a 



* ‘ The EififeetS of Croas ftpd Self-fertilisatioo,’ 1376, p. +11. 
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lar^^e number of seeds, and this obviously ig a verv 
eommon case, heterostyled will have an advantage 
over dioecious plants, as all the individuals of the 
former, whilst only half of the latter, that is the 
females, yi(dd seeds. On the other hand, hetero- 
styled plants seem to liave no advantage, aa far as 
cross -fertilisation is concerned, over those w^hich are 
sterile with their own pollen. They lie indeed under 
a slight disadvantage, for if two sclf-sterde plants 
grow near together an<l far removed from all other 
plants of the same species, they will mutually and 
perfectly fertilise one another, whilst this will not be 
the case with heterostyled dimorphic plants, unkas 
they chance to belong to opposite forms. 

It may be added that species which are trimorpliic 
have one slight advantage over the dimorphic; for if 
only two individuals of a dimorphic species happen 
to grow^ near together in an isolated spot, the cliances 
are even that both will belong to the same form, and 
in this case they w ill not produce the full number of 
vigorous and fertile seedlings ; all these, moreover, 
w ill tend strongly to belong to the same form as their 
parents. On the other hand, if two plants of the same 
trimorphic species happen to grow in an isolated spot? 
the chances are two to one in favour of tlieir not be- 
longing to the same form ; and in this case they will 
legitimately fertilise one another, and yield the tall 
complement of vigorons ofispring. 

The Means hj u-hieh Plants maij have been rendered 

Heterostyled, 

^Jdds is a very obscure subject, on which I can tbrovr 
little light, but which is worthy of discussion. It has 
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beoti sbowu thfit lietcrostyled plants occur in fourteen 
natural families, disperse<l thruughout the wliolo vege- 
table kingdom, and that even within the family of the 
Kubiiicea? they are dispersed in eight of the tribes. We 
may therefore conclude tlmt this structure has been 
acquired by various plants independently of inheritance 
from a common progenitor, and that it can be acquired 
without any great difficiilty^that is, without any very 
unusual combination of circumstances, 

It is probable that the first step towards a species 
Ix^coming heterostylcd is great variability in the length 
of the pistil and stemeus, or of the pistil alone, Such 
variations are not very rare : with Amdrwkia spectaMh 
and Nolana prostrata these organs dill'er so much in 
length in different individuals that until experiment- 
ing on them, I thought both species hetcrostyled. 
The stigma ot Gesnevid p&ndulina sometimes protrudes 
far beyond, and is sometimes seated beneath tlie 
anthers; so it is with Omlis aceiosd^a and various 
other plants. I have also noticed an e xt mo rd inary 
amonnt of difference in the length of the pistil in cul- 
tivated varieties of Prhnula veris and mdgaHs. 

As most plants are at least occasionally cross-fer- 
tilised by the aid of insects, we may assume that this 
was the case with our supposed varying plant; hut 
that it would have been beneficial to it to have been 
more regularly cross-fertilised. We should bear in 

■o 

mind how imjiortant an advantage it has been 
proved to be to many ]ilants, though in different 
degrees and ways, to be cross-fertilised. It might 
well happen that our supposed species did not vary 
in function in the right manner, so as to become 
either dichogainous or completely seJf-sterile, or in 
structure so as to ensure cross-fertilisation. If it had 
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thus variRtlj it would iiever have been rendered, heterO’ 
styled, as this state would then have been superfluous. 
But the parent-spec iea of our several existing hetero- 
styled plants may have been, and probably were (judg- 
ing from their present constitution) in some degree 
self-sterile ; and this would have made regular cross- 
fertilisation still more desirable. 



jSTow let us take a highly varying species with most 
m all of the anthers oxsertcd in some individuals, and 
ia others seated low down in the corolla; with the 
stigma also var^dng in xx>sition in like manner. Insects 
which visiteil such flowers would have different iKuts 
of their bodies dusted with pollen, and it would be a 
mere chance whether this were left on the stigma of 
the next flower which was visited. If all the anthers 
could have been placed on the same level in all the 
plants, then abundant pollen would have adhered to 
the same part of the h:>iiY of the insects which fre- 
quented the flowers, and would afterwards have been 
dejX)sited without loss on the stigma, if it likewise 
stood on the same om arying level in all the flowers. 
But as the stamens and pistils are supposed to have 
already varied muck in length and to be still varying, 
it might well happen that they could be reduced much 
more easily through natural selection into two sets ol 
difierent lengths in different individuals, than all to 
the same length and level in all the individuals. 
know from innumerablo instances, in which the two 
sexes and the young of the same species differ, that 
there is no difficulty in two or more sets of individuals 
being formed wbicli inherit different characters, lu 
our particular case the la^v of compensiff ion or balance- 
men t (which is admitted hy many botanists) would 
tend to cause the pistil to be reduced in those indi- 
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viduals in which, the stamens were g^reatly developed^ 
and to be iucreased in length in those which had their 
stamens bnt little developed* 

]S^o^v if in onr varying species the longer stamens 
were to be nenrly equalised in length in a considerable 
body of individuals, with the pistil more or less reduced ; 
and in anoilier body, the shorter stamens to be simi- 
larly equalised, with the pistil more or less increased in 
length, cross -fertilisation would be seemed with little 
loss of pollen ; and this change ivouhl be so highly 
beneficial to the species, that there is no difficulty in be- 
lieving that it could be effected through natural selec- 
tion. Our plant would then mahe a close approach in 
structure to a heterostyled dimorphic species ; or to a 
trimorphio species, if the stamens w^ere reduced to tw\i 
lengths in the same liower in correspondence w'itii that 
of the pistils in the other two forms. But we have not 
as yet even touched on the chief difficulty in under- 
standing how heterostyled species could have origi- 
nated. A completely self-sterile plant or a dicho- 
gamoiis one can fertilise and be fertilised by any 
other individual of the same species ; w^hereag the 
essential character of a heterostyled plant is that an 
individual of one form cannot fully fertilise or be fer- 
tilised by an individual of the same form, hut ouly 
by one belonging to another form. 

II. J\T tiller has suggested*^ that ordinary or honio- 
styled plants may have been rendered heterostyled 
merely through the effects of habit. Whenever pollen 
from one set of anthers is habitually applied to a pistil 
of particular length in a varying species, ho believes 
that at last the possibility of fertilisation in any other 
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uirtimcr ’w ill be nearly or completely lost* He was 
led to this view by observing that ihptera frequently 
carried pollen from the long-styled flowers of Hottonia 
to the stigma of the same fonn^ and tliat this ille- 
gitimate union was not nearly so sterile as the coire* 
sj.)oiiding union in other heterostyled s^jecies* But 
this conclusion is directly opposed by some other 
cases, for instance by that of hinum g^randijlorum ; 
for here the long-styled form is utterly barren with 
its own-form pollen, although from the position 
of the anthers this pollen is invariably applied to 
the stigma* It is obvious that with heterostyled 
dimorphic plants the two female and the two malo 
organs differ in power ; for if the same kind of pollen 
be placed on the stigmas of the two Ibrms, and again 
if the two kinds of ].x)llen bo placed on the stigmtis of 
the same form, the results are in each case widely dif- 
ferent. Nor can we see ho^v this differentiation of tbo 
two female and two male organs could have beeu 
ejected merely through each kind of pollen being 
habitually placed ou one of the two stigmas. 

Another view seems at first sight probable, namely, 
that an incapacity to be fertilised in certain ways has 
been specially acquired by heterostyled plants. We 
may suppose that our varying species was somewhat 
sterile (as is often the case) with pollen from its own 
stamens, whether these were long or short : and that 
such sterility was tmiisferred to all the individuals 
with pistils and stamens of the same length, so that 
tiiese became inca|mble of intercrossing freely ; but 
that such sterility was eliminated in the case of the 
individuals which ililTered in the length of their pistils 
and stamens. It is, however, incredible that so peculiar 
a lorm of mutual infertility should have been specially 
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acqiiirerl unless it wert? highly beneficial tn the species ; 
find althougli it may bo beneficiLil to au individuixl 
plant to bo sterile with its own pollenj crossdertiliBa- 
tioii being thus ensured, how can it be any advan- 
tage to a plant to be sterile with half its brethren, 
that is, with all the individuals belonging to the 
same form? ]ltoroover, if the sterility of the unions 
between plants of the same form had been a special 
acquirement, we might have expected that the long- 
st}ded form fertiJised by the long-styled would have 
been sterile in the same degree as the short-styled 
fertilised by the short-styled ; but this is liardly ever 
the case. On the contrary, there is sometimes the 
widest (liffei'cnco this respect, as betw een the two 
illegitimate unions of Piilmojiaria aftgiidifolia and of 
Eotfoma palustris. 

It is a more probable view that the male and female 
organs in tmy gets of individuals have been by some 
means specially adapted for reciprocal action ; and 
that the sterility betw een the individuals of the same 
set or form is an incidental and purposeless result. 
The meaning of the term incidental” may be ilhis* 
trated by the greater or less difficulty in grafting nr 
budding together two plants belonging to distinct 
species; for as this capacity is quite immaterial to 
the welfare of either, it cannot have been specially 
acquired, and must be the incidental result of differ- 
ences in their vegetative svstems. But how* the 
sexual elements of heterostyled plants eame to differ 
from 'what the^r were whilst the species was homo- 
styled, and how they became co-adapted in two sets of 
individuals, are very obscure points. AVe know that 
in the two forma of our existing heterostyled plants 
the pistil always differs, and the stamens generally 
differ in loiigtli ; so does the stigma in structure. 
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the anthers in size, and the pollen-gmins in diameter. 
It appears, therefore, at first sight probable that 
organs which differ in such impoifant respects could 
act on one another only in some manner for which 
they had been specially adapted. The probability of 
this view is supported, by the curious rule that the 
greater the difference in length hetw-een the pistils 
and stiimens of the trimor[>hic species of I^ythmm and 
Oxalis, tlie products of which are united for reproduc- 
tion, by so much the greater is tlio infertility of the 
union. The mme rule applies to the two illegitimate 
unions of some dimorphic species, namely, FntmdOr 
vulgaris and Fulmonaria an^ustifoUa ; hut it entirely 
fails in other cases, as with ilottonia palustris and 
Linu7ii prandiflorum. We shall, however, best perceive 
the difficulty of understanding the nature and origin 
of tlie co-adaptation between the reproductive organs 
of the two forms of heterostyled plants, by consider- 
ing the case of Lmum ffrmidiflorum : the two forms of 
this plant differ exclusively, as far as wo can see, in 
the length of their pistils; in the long-styled form, 
the stamens equal the pistil in length, but their 
pollen has no more effect on it than so mucli in- 
organic duxst ; wdiilst this pollen fully fertilises the 
short pistil of the other form. Now, it ia scarcely 
credible that a mere difference in the length of the 
pistil can make a wide difference in its capacity for 
being fertilised. We can believe this the less because 
with some plants, for instance, Anmnckia 
the pistil varies greatly in length witliout affecting 
the fertility of the individuals wdiich are intercrossed. 
So again I observed that the same plants of Friitiula 
verts and vulgaris differed to an extraordinary degree 
in the length of their pistils during successive seasons; 
nevertheless they yielded during these seasons exactly 
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the &ame average number of seeds Tvhen left to fertilise 
themselves spontauemisly under a net» 

We must therelbrc look to the ap]iearaiice of inner 
or hidden constitutional diilerences between the indi- 
viduals of a varying species, of such a nature that the 
male element of one set is enabled to aet eHicieiitly 
only on the female element of another set. We need 
not doubt about the possibility of variations in the 
constitution of the reproductive system of a plant, for 
we know that some species vary so as to be completely 
self-sterile or completely self-stcrdo, either in an appa- 
rently sj.>ontancou3 manner or from slightly changed 
conditions of life. Gartner also has shown* that the in- 
dividual jdants of the same species vary in their sexual 
powers in such a maimer that one will unite with a 
distinct species much more readily than another. But 
what the nature of the inner constitutional dilFerenccs 
tnav be between the sets or forms of the same varying 
species, or between distinct species, is quite unknown. 
It seems therefore probable that the species which 
have become hetcrostvled at first varied so that two 
or three sets of individuals were formed differing in 
the length of their jnstils and stamens and in other 
co-adapted characters, and that almost simultaneously 
the irreproductive jiowers became modified in such a 
manner that the sexual elements in one set were 
adapted to act on the sexual elements of another set ; 
and consequently that these elements in the same set 
or form incidentally became ill-adapted for mutual 
interaction, as in the case of distinct species. I have 
elsewhere shown \ that the sterility of species when 



* Gartner, * Bafttahlerzeiii^ung 
im Pflanzenroicli/ 1S4&, p. 165. 

t ^ Origin of Bpeeiett,’ tJth edit, 
p, 247 ; * Variutionof Auimalti and 



Plants Tinder Doioestication,’ 2ud 
edit. vol. ii. p. 163; ‘ The Effectsof 
Crofisaivd Self-ltrtLlisatioD) p. 4't>3T 

It may bo well liere to remark 
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first crossed and of their hybrid ofispring must also 
he looked at as merely an incidental rcsultj folio wing 
fmm the special co-adaptation of the sexnal elements 
of the same species. We can thna niiderstand the 
striking pariillelism, which has been shown to exist 
between the effects of illegitimately uniting hetcro- 
styled plants and of crossing distinct species. The 
great dilierence in the degree of sterility between tho 
various heterostyled species w^hen illegitimately fer- 
tilised, and between the two forms of the same species 
when similarly fertilised, harmonises well with the 
view that the result is an incidental one which follows 
from changes gradually efibeted in their reproductive 
systems, in order that the sexual olements of the dis- 
tinct forms should act perfectly on one another. 

Trammission of the Two Fonm hj Het^roat^jhd Plants. 
—The transmission of the two forms by heterostyle<l 
plants, with respect to which many facts were given in 
the last chapter, may perhaps be found hereafter to 
throw some light on their manner of development, 
Hildebrand observed that seedlings from the long- 
styled form of Frittmla Shwmis when fertilised with 
pollen from the same form were mostly long-styled, 
and many analogous cases have since been observed 
by me. All the known Ciises are given in the tivo 
following tables. 



that, juflgjng frcua the temfirk- 
able l>fjweT wilh whic:h abruptly 
clianged ouiiditiony t>f life fujt oii 
the reprcMluctive system of m!>et 
orj^aniame, it prJbnblo Unit tlic 
eJoatj udapbitioD of the mak to the 



female elements in tho two forma of 
the wanio heferosty led or 

in nil the inJividnala of Oie satiie 
orclittary apeoiofl, csiJfilJ boLiCfjuire^i 
only under lang-conlinueJ nearly 
uuitbnn coiidltiun^j of life- 
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Taulb 36* 

Mature of the Offtiprlitij/rofn Dimorphic 

I*kinis. 





Number 

of IxJtlR- 

sijled 


NutnJjer 
of Shnr^ 

OfTHpring, 


Primula veris , ,| 


Long-styled form, fertilised by’ 
0%^'n-furm pollen during five 
fiuccessiive generations^ pro- 
duced .,.*,.** 


ib6 


e 


tl J! 1 ■] 


Short-styled form, fertilis&it by I 
owu-t'orm polJcUj produced . j 


5 


9 


Priuiula vulgaris 


Long^tykd foniij fertilised byi 
owu-forni pollen during twol 
successive generations, pro-f 

dueed ■ - J 


69 


0 


Primula auricula 


'Sliort-stykd form, fertilised by'- 
1 own-furm ^Kdlen, is said to ' 
produce during successire 
geuerati one ofispring in about 
the following proportions 


25 


75 


Prinnula Sinensis* * 


[Long-styled forin, fertilised by , 
1 owm-form pollen during tw'o 1 
1 successive generations^ pro-( 
[ Juced 


52 


0 


Ti it ' + 


1 Long-styled form, fertilised by| 
* own- form pollen (Hilde-> 
brand), produced, , , .j 


: 


3 


!T Jf 


i'Sbort-styled form, fertilised by) 
\ ow'u-foriii pollec, produced . J 


1 


24 


PuliTLDnai'ia ofBduali^ 


/Long-sty led form, fertilised by) 
\ own-form poileu, produced . j 


11 


0 


„ . „ f’Lcme- st vie J forutT fertilised byl 

Polygoimm fiigopyriiliij *wn-tbrm p»ll«L, prwliioed . j 


45 


4 . 


)1 


/ Short-styled form, fertilised byl 
\ own-form pollen, produced ,J 


13 


20 
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Table 37. 



Nature of the O^&prinfj frm\ likgiturbaiely ferUU^ed Trimorjiiilc 

Plants. 



i Xutnbflr 
of r^iukig- 
etyled 
Offspring. 



Number 
of Mild- 
atj'liyl 
Offspriug, 



Lythtum balkaria, 



tr 






T) 



TJ- 















TJ 



Oxalis I'osea 



j Long-sty Iftil form, ftrtilisetl 
by own-fortn pollerL, 

. |; k i + . I 

Sbortr^tyled form, feililised 
by ovra-form poUea, pro- 
duced 

Short-styled forin, fertilised’ 
by pollen from mid-length 
j atamcDki of long - styled 

f form, proi.lucekl . 

fUid-atylaid form^ fertilised by 
' \ owL-form pollen, produced j 

I Mid-st vied form., fertilised by j 
|wl]en from shortest sta- 
mens of long-ety led form*; 
produced , , , * 

'MiJ-sityled form, fertilised by 
pollen friun longest sta- 
mens of sbort-iityletl form, 
produced . ^ . 

f Long-styled fotm, fertilised' 
during seTernl generations 
by own-form pollen, pro- 
duced offspring in the 
ratio of .... . 



f own-fornii pollen, produced/ 



5d 



17 



14 



loa 



0 



Naniber 
ftf Shon- 
Htyled 
OfFnprlng. 



0 



0 



S 






0 



8 



0 



0 



18 



fl 



0 
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We see in these two tables that the offspring from 
a form illegitimately fertilised with pollen from 
another plant of the same form belong, with a few 
exceptions, to the same form m their jiarents. For 
instance, out of 162 seedlings from long-styled plants 
of Pnrmda mrh fertilised during live generations in 
this manner, 156 were long-styled and only 6 short- 
styled. Of 69 seedlings from P, vulgaris similarly 
raised all were long-styled. So it was with 50 seedlings 
from the long-.styled form of the trimorphic Lgtkrtmi 
saUeartUj and with numerous seedlings from the long- 
styled form of Ox^lis rosea. The offspring from the 
shortrstylcd forma of dimorphic plants, and from lx>tli 
the mid-sty led and short-styled forms of trimorphie 
plants, fertilised with their owni-form jxjllen, likewise 
tend to belong to the same form as their parents, but 
not in so marked a manner as in the case of the long- 
styled form. There are three cases in Table 37, in 
which a form of Ly thrum was fertilised illegitimately 
with pollen from another form ; and in two of these 
cases all the offspring belonged to the same two forms 
as their parents, whilst in the third ease they belonged 
to all three forms. 

The cases hitherto given relate to illegitimate unions, 
but Hildebrand, Fritz Muller, and myself found that 
a very large prrn>ottioTi, or all of the offspring, from a 
legitimate union between any two forms of the tri* 
morphic sjx^cies of Oxalis belonged to the same twm 
forms. A similar rule therefore holds good with unions 
which are fully fertile, as with those of an illegiti- 
mate nature which are more or less sterile. ^\hen 
some of the seed lings fnjm a iieterostyled plant belong 

a different form from that of its parents, Hildebrand 
accounts for the fact by reversion. For instance, the 
long-atyled parent-plant of Frimida vtiris^ from which 
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the 162 illegitimate seetllings in TableSR were derived 
intlieeourse of five generations^ >vas itself no donbt 
deriyed from the union of a long-styled and a short- 
styled parent ; and the 0 short- sty led seedlings may bo 
attributed to reversion to their short-styled progeni- 
tor. But it is a surprising fact in this case, and in 
other similar ones, that the number of the offspring 
V hich thus reverted was not larger. The fact is ren- 
dered still more strange in the particular instance of 
F, veris, for there was no reversion until four or five 
generations of long-styled plants had been raised. It 
may be seen in both tables that the long-styled form 
transmits its form much more faithfully than does the 
short- styled, when both are fertilised with their own- 

■V ' 

form pollen ; and why this should be so it is difficult 
to conjecture, unless it be that the aboriginal parent- 
form of most heterostylcd species possessed a pistil 
which exceeded its own stamens considerably in 
length** I will only add that in a state of nature 



tilised by both the other forms, as Hihlebratid sup- 
poses; or by pollen from both the other forms being 
deposited by insects on the stigma of the same flower. 



varieties deserves notice. Cases of this kind have 



* It mny be suapr cted tbat this state of nature with soiuo flowed 

the uiiae with Primuljn^ jud;p- on the plant 

from the lenirth of the pistil otiicre ahort-styled ftiid 
in several ailitd pjenera (see equid-atyled; and the 
Mr, J, Scijtt. * rjourtial Tjinu. Boo, fomu greatly 

vol. viii. 1361, p. 85). Herr liumbor; tlicrc bein^j 61 *>l thiA 
Ur^dletiliadifouudmaTpytpeciimeas form to 9 of tlie short^stylcJ 
of JWmuia diitl^ gro-rtitig in a 15 of the equal -sty led. 



any single plant of a triraorphic - species no doubt 
produces all three forms ; and this may be accounted 
for either by its several flowers being separately fer- 



Equal-Btyhd variettf^a , — The tendency of the di- 
morphic species of Primula to produce equal-styled 
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been observed, as sliown in the last dmiiter, in m less 
than six sjwcies, uaiuely, P. veris, vulgaris, Sinemis, 
auriculaf/arinosa, and slaiior. In the case of P. veris, 
the stamens resemble in length, position and size 
of their pollen-gmins the stamens of the short-styled 
form ; whilst the pistil closcdy resembles that of' the 
long-styled, but as it varies much in lengtli, one proper 
to the short-styled form appears to have been elongated 
a]id to have assumed at the same time the functions 
of a long-styled pistil Consequently the flowers are 
Ciipable of spontaneous self-fertilisation of a legiti- 
mate nature and yield a full complement of seed, or 
even more than the number produced by ordinary 
flowers legitimately fertilised. With P. Suierms, on 
the other hand, the stamens resemble iu all respects 
the shorter ones proper to the long-styled form, w hilst 
the pistil makes a near approach to that of the short- 
styled, blit as it varies in length, it wonld appear as 
if a long-styled j>istil had been reduced in length and 
modified in function. The flo^vers in this case as in 
the last are capable of spontaneous legitimate ferti- 
lisation, and are rather more productive than ordinary 
flowers legitimately fertilised. With P. aurieula and 
fariiiom the stamens resemble those of the short-stvled 

§f 

form in length, but those of the long-styled in the 
size of their pollen -grains ; the pistil also resembles that 
of the iong-styled, that although the stamens and 
pistil are of nearly equal length, and consequently 
pollen is s|>oiita.neously dei>osited on the stigma, yet 
the flowers are not legitimately fertilised and yichl 
only a very moderate supply of seed. We thus see, 
firstly, that equal-sty led varieties have originated in 
various ways, and, secondly, that the combination of 
the two foniis in the same flower differs in complete- 
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Tioss. Witli P. elatioJ' st>me of thft flowers on the game 
pLint have become eqnal-atyled, instead of nil of 
them as in the other species* 

Mr. Scott has suggested that the equal-styled varie- 
tios aviso through veversioTi to the former homoatyled 
eoiiditiou of the genus. This view is supported by 
the remarkable fidelity with which the cqnahstylal 
variation is transmitted after it has once apiieared. I 
have shown in Chapter XIII. of my ‘Yariatiou of 
Animals and Plants under Domestication,' tha 
anv cause wdiieh disturbs the constitution tends to 

•V 

induce reversion, and it is chiefly the cultivated 
species of Primula whicli hecome equal-Btyled. 
gitimate fertilisation, which is an abnormal process, 
is likewise an exciting cause ; and with illegitimately 
descended long-styled plants of P. Sitiensis, I have 
observed the first ap|:tearance and subsequent stages 
of this variation. With some other plants of P. Si- 
jimsis of similar parentage the flowers appeared 
to have reverted to their original wild condition. 
Again, some hybrids between P. verw and vulgaris 
were strictly equal-sty led, and others made a near 
approach to this structure. All these hicta support 
the view that this valuation results, at least iu part, 
from reversion to the original state of the gemis, 
before tlie species had become heterostyled. On the 
other hand, some considerations indicate, as previously 
remarked, that the aboriginal parent-form of Primula 
had a pistil which exceeded the stamens in length. 
The fertility of the equal-styled varieties has been 
somewhat modified, being sometimes greater and some- 
times less than that of a le^ritimate union. Another 
view, however, may be taken with respect to the origiu 
of the equal- styled varieties, and their a|.!peamuce 
may he compared with that of hermaphrodites amongst 
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animals which pm]>erly have their sexes aepamted ; 
for the two sexes are combined iti a memstrons her- 
maphrodite ill a somewhat similar manner as the 
two sexual forms are combined in the same flower of 
an equal-styled variety of a lieterostyled species. 



Final remarks . — The existence of plants which have 
been rendered heterostyled ia a highly remarlvahle 
]>henomenoiij as the tivo or three forms of the same 
undoubted species differ not only in important points 
of structure, but in the nature of their reprodactive 
powers. As far as structure is concerned, the two 
sexes of many animals and of some plants differ to an 
extreme degree ; and in both kingdoms the same 
species may consist of males, females, and hermaphro- 
dites. Certain hermaphrodite cirripedcs are aided in 
their reproduction by a whole cluster of what I haye 
called complemental males, which (iilter wonderlully 
from the ordinary hermaphrodite form. With ants 
we haye males and females, and t^\o or three castes ol 
sterile females or ’Workers. With Termites there are, 
as Fritz Muller has shown, both winged and wingless 
males and females, besides the workers. But in none 
of these cases is there any reason to believe that the 
several males or several females of the same species 



differ in their sexual powers, except in the atrophied 
condition of the reproductive organs in the workers ot 
social insects, ^tany herniaplirodite animals must 
unite for reproduction, but the necessity of such 
union apparently depends solely on their stmeture. 
On the other hand, with heterostyled dimorphic 
S|>eciefl theri3 are two females and two sets of males, 
and with triniorphic species three females and thrt e 
sets of males, which differ essentially in tlieir sexual 
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powers. We shall, jM^rhapa, Iw^st perceive the eompl(5j 
and extraordinary nature of tlie marriage arrangements 
of a trimnrphie plant t>y the followdog illustration. 
I jet us SLip|X)se that the individuals of the same species 
of ant always lived in triple communities ; and that 
in one of these^ a large-sized female (differing algo in 
other characters) lived with six middle-sized and six 
small-sized males ; in the second community a middle- 
sized female lived with six large- and six small-sized 
males; and in the third, a small-aized female Lived 
with six large- and six middle-sized males* Each of 
these three females, though enabled to unite with anv 
male, wonhl be nearly sterile with her own two sets of 
males, and likewise with two other sets of males of the 
same size with, her own which lived in the other two 
communities ; bnt she would be fully fertile when 
paired with a male of her own size* Hence the thirty- 
six males, distributed by half-dozens in the three com- 
muni tics, would be divided into three sets of a dozen 
each ; and these sets, as well as the three females, 
would differ from one another in their reprminctive 
powers in exactly the same manner as do the distinct 
species of the same genns. But it is a still more 
remarkable fact that young ants raised from any one 
of the three female ants, illegitimately fertilised by a 
male of a different size, would resemble in a whole 
series of relations the hybrid offspring from a cros5 
between two distinct species of ants. They would be 
dwarfed in stature, and more or less, or even utterly 
barren. Naturalists are so much accustomed to behold 
great diversifies of structure associated with the two 
sexes, that they feel no surprise at almost any amount 
of difference ; but differences in sexual nature have 
been thought to be the very touchstone of specili<5 
distinction* We now see that such sexual differences 
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_-tbe grratcr or less powor of fertiliainfr am! being 
fertilised— may characterise the co-existing Inclividuals 
of the same species, in the same maimer as they 
characterise and have kept separate those groups of 
individuals, produced (luring the lapse of ages, which 
we rank and denominate as distinct species. 



2T8 



DICECIOUB AND 



Chap, YIL 



CHAPTEE YIL 

PoLTGAMora, Dkectous, ani> Gyho-di(eciot:s Plants. 

The-oorivoTsioa in vancnifl ways of heTmajthpndite' into dioeciouE^ piacU 
— Heteroetylcd ptanta rendered dioecious — Eiibiacoie— VerbcpRctB 

Polygamous aud sub-dioocious plants— Eiinnyioiis — Ftagarifl.— 

The two sub-forms of bcjtb ssesea of Rhiiiiinus snd Epigfea— Iloi— 
CryuodioecioTia plan ta— Thymus, difference in fertility of the Ler- 
maphrodite nnd female indiviEluala— Satureia—Manner in whieb 
the two forms probably originated — Scabiosa and other gyno* 
dioecious plants — Difference in the size of the corolla in the forjrui 
of polygamoufl, dicecious, and gyno-dicceioua plants. 

^rHEEE are several groups of plants in which all the 
species are dioecioiiSj and these exhibit no rudiments 
in the one sex of the organs proper to the other. 
About the origin of such plants nothing is known. It 
is possible that they may be descended from ancient 
lowly organised forms, which had from the first their 
sexes separated ; so that they have never existed as 
hennaphroflites. There are, however, many other 
groups of species and single ones, which from being 
allied on all sides to hermaphrodites, and Irom ex- 
hibiting in the female flowers plain rudiments oi 
male organs, and conversely in the male flowers rudi- 
ments of female organs, w e may feci sure are descended 
from j>lants which formerly had the two sexes com- 
bined in the same llower. It is n curious ami obscure 
problem how and wky such he rin aphrodites have been 
rendered bisexual. 

If in some individuals of a species the stamens 
alone were to abort, females and hermaphrodites would 
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be left existing, of which many instances ocenv ; and 
if the female organs of the hennaphrodite were aftcr^ 
wards to abort, the result wonhl be a <licecions plant* ■ 
Conversely, if we imagine the female organs alone to 
abort in some individuals, males and hermaphrodites 
would be left; and the hermaphrodites might after- 
wards be converted into females. 

In other cases, as in that of the common Ash -tree 
mentioned in tlie Introduction, the stamens arc rudi- 
mentary in some individuals, the pistils in others, 
others again Temainiiig as hermaphrodites. Here tlie 
modification of the two sets of organs appears to have 
occurred simultaneonsly, as far as wo can judge from 
their equal state of ahortion. If the hermaphrodites 
were supplanted hy the indiyitluals having separated 
sexes, and if these latter were equalised in niimbcr, a 
strictly dioecious species would be formed. 

There is much difficulty in uiidersttinding why her- 
maphrodite plants should ever have been rendered 
dimeious. There would be no such conversion, unless 
pollen was already carried regularly hy insects or hy the 
wind from one iuilividual to the other ; for otherwise 
every step towards diceeioiisiiess would lead towards 
sterility. As we must assume that crossdertilistition 
was assured before an hermaphrodite could be changed 
into a dioecious plant, wo may concludo that the con- 
version has nut been ejected for the sake of gaining 
the great benefits which follow from cross-fertilisii- 
tion. We can, however, see that if a species were 
subjected to unfavourahle conditions troni severe com- 
petition w itli other plants, or from any other cause, the 
production of the male and female elements and the 
maturation of the ovules by the same individual, might 
}>rove to(> great a strain on Its powers, and the separa* 
lion of the sexes would then be highly beueiicial* 
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This, iiowcv«?T, would l>e effected only under the con- 
tingency of a reduced number of secdsj produced by 
the females alone^ being sufficient to keep up the 
stock. 

There is another way of looking at the subject which 
partially removes a difficulty that appears at first sight 
insuperable, namely, that during the conversion of an 
hermaphrodite into a dioecious plant, the male organs 
must abort in some individuals and the female organs 
in others. iTet as all are exposed to tlie same con- 
ditions, it might have been expected that those 
which varied would tend to vary in the same man- 
ner. As a general rule only a fe\v individuals of a 
species vary simultaneously in the same manner ; and 
there is no improbahility in the assumption that 
some few' individuals might produce larger seeds 
than the average, l>etter stoclted with nourishment. If 
the production of such seeds were highly beueiicial to 
a species, and on this head there can be little doubt,* 
the variety with the large seeds would tend to in- 
crease. But in accordance with the law of compensa- 
tion we might expect that the individuals which pro- 
duced sueli seeds w'oiild, if living imdcr severe con- 
flit ions, tend to produce less and less pollen, so that 
their anthers would be reduced in size and might ulti- 
mately become rudimentary. This view' occurred to 
me owing to a statement by Sir J. E. Smith t that 
there are female and hermaphrodite plants of Serratithi 
tmrtorm^ and that the seeds of the former are larger 
than those of the hermaphrodite form. It may also 
be worth while to recall the case of the mid-sty led 
lorm of L^ihr"U7}i sali^^ariaj which produces a larger 



• See the facts j^iven in ‘ Ttie t “ Tmiis. Linn. Sot,' vol- 
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number of seeds than the other forms, and has some- 
what smaller pollen-grains wliich have less fertilising 
power than those of the correspouding stamens in the 
other two forms; hut whether the larger number of 
seeds is the indirect cause of the diruinished power 
of the pollen, or vk^ ^ersd, 1 know not* As soon 
as the antliers in a certain numher of individuals be- 
came reduced in size In the manner just suggested or 
from any other eanso, the other individuals would have 
to produce a larger supply of pollen; and such in- 
creased development would tend to reduce the female 
organs through the law" of coinpensationj so as ulti- 
mately to leave them in a rudimentary condition ; 
and the species would tiien become dioecious. 

Instead of the lirst change occurring in the female * 
organs we may suppose that the male ones first varied, 
so that some individuals produced a larger supply of 
pollen. This would bo beneficial under certain cir- 
cumstances, such as a change in the nature of the 
insects which visited the flowers, or in their be- 
coming more aiiemophilous, for such plants requite an 
enormous quantity of pollen. The increased action of 
the male organs would tend to affect through compen- 
sation the female organs of the same flower; and the 
final result would he that the species would consist of 
males and hermaphrodites. But it is of no use con- 
sidering this case and other analogous ones, for, as 
stated in the Introduction, tho co-existence of male 
and hcrmaphr<jdite plants is excessively rare. 

It is no valid objection to the foregoing views that 
changes of such a nature svould he effected with ex- 
treme slowness, lor we shall presently see good reason 
to Ixdieve that various hermaphrodite plants have 
become or arc becoming dioecious by many and ex- 
cessively small steps. In the case of polyganioua 
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species wliich exist as males, females and hermapliro' 
dites, the latter would have to be snpplanterl before 
the species could become strictly dioecious ; but the 
extinction of the hermaphrodite form would probably 
not be difficult, as a complete separation of the sexes 
appears often to be in some way beneticiaL The males 
and females would also have to be equalised in 
number, or produced in some fitting protxjrtion for the 
effectual fertilisation of the females. 

There are, no doubt, many uiihnowii laws which 
govern the suppression of the male or female orgaus 
ill hermaplirodite plants, quite independently of any 
tendency in them to hecome monoecious, dioecious, or 
polygamous. We see this in those hermaphrodites 
wdiich from the rudiments still present manifestly 
once possessed more stamens or pistils than they 
now do, — even twice as many, as a whole verticil has 
often been suppressed. Robert Browm remarks* that 
“the order of reduction or abortion of the stamina 
in any natural family may with some confidence be 
predicted/* by observing in other members of the 
family, in which their number is complete, the order 
of the dehiscence of the anthers ; for the lesser per- 
manence of an organ is generally connected with its 
lesser perfection, and he judges of j}erfcctiou by 
l^riority of development, lie also states that when- 
ever there is a separation of the sexes in an her- 
maphrwlite plant, winch bears flowers on a simple 
spike, it is the females which expand first ; and this 
he likewise attributes to the lemale sex being the 
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more perfect of the two, hut why the female should 
he thus valued he does not explain. 



* Trana, Liiib. Soc.’ voL sii, p, 98 . Or* Misccllaut'oii^ Worke,’^ voJ- 
iL pp. 27S-S1. 
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Plants uiuler ciiltiTation or changed conditions of 
life freqnentlj become sterile; and the male organs 
are much oftener affected than the female, thongh the 
latter alone are sometimes aCfected, The sterilitY of 
the stamens is generally aecompanied by a reduction 
in their size ; and we may feel sure, from a wide-spread 
analogy, that both the male and female organs would 
become nidimentary in the course of many geiiem- 
tions if they foiled altogether to perform their proper 
functions. According to Gartner * if the anthers on 
a plant are contahescent (and when this occurs it is 
always at a very early period of growth) the female 
organs are sometimes precociously developed. I 
mention this case as it appears to be one of eoin- 
pensation. So again is the well-hnown fact, that 
plants w hich increase largely by stolons or other snch 
means are often utterly barren, with a large proportion 
of their pollen-grains in a worthless condition. 

Hildebrand has shown that witli heim aphrodite 
plants which are strongly proterandrous, the stamens 
in the flowers which open first sometimes abort ; and 
this seems to follow from their being useless, as no 
pistils are then ready to be fertilised. Conversely 
the pnstils in the flowers which open last sometimes 
abort ; as when they are ready for fertilisation all the 
pollen has been shed. Ho further shows by means of 
a series of gradations amongst the Compos: t(e,f that 
a tendency from the causes just specified to produce 
either male or female florets, sometimes spreads 
to all the florets on the same head, and sometimes 
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even to the whole plant ; and in this latter case the 
species becomes dicecioiis. In those rare instances men- 
tioned in the iutrodiictionj in ^vliich some of the indi- 
viduals of both inonoecions and hermaphrodite plants 
are proterandrons, others beiiif^ proterogynoiis, their 
coiLversioEi into a dioecious condition would probably be 
much facilitated, as they already consist of two bodies 
of individuals, differing to a certain extent in their 
re2>roduetive functions* 

Dimorphic heterostyled plants offer still more 
strongly ■' marked facilities for becoming dioecious; for 
they likewise consist of two bodies of individuals in 
approximately equal imiabers, and what probably is 
more important, both the male and female organs 
differ iu the two forms^ not only in structure but in 
function, in nearly the same manner as do the repro- 
ductive organs of two distinct species belonging to 
the same genus* Now if two species are subjected to 
ciianged conditions, though of the same nature, it is 
notorious that they are often affected very differently ; 
therefore the male organs, for instance, in one form of 
a heterostyled plant might be affected by those un- 
known causes which induce abortion, differently from 
the liotnologous but functionally different organs in 
the other form : and so conversely with the female 
Organs* Thus the great difficulty before alluded to is 
much lessened in uudersfcaiidiiig how any cause what- 
ever could lead to the simultaneous reduction and 
ultimato suppression of the jnalo organs in half the 
individuals of a species, and of the female organs in 
the other half, whilst all were subjected to exactly the 
same conditions of life* 

That such reduction or suppression has occurred 
in some heterostyled plants is almost certain. The 
Kubiaceac contained more heterostyled genera than any 
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other family, and from their wide distribution we may 
infer tlmt many of them became hoterostylcd at a re- 
mote period, so that there will have been ample time for 
some of the species to have been since rendered dioe- 
ci on B. Asa G ray i nf o r m s me that Copr osma i b d iocc i on s, 
and that it is closely allied through Nertera to ]Mitch- 
ella, which as we know^ is a heterostyled dimorphic 
species. In the male flowers of Coprosma the stamens 
arc exserted, and in the female flowers the stigmas : 
so that, judging from the affinities of the above three 
genera, it seems probable that an ancient short-stvled 
form bearing long stamens with large anthers and 
large pollen -grains (os in the case of several Kiibia- 
ceous genera) has been converted into the male Co 
prosma ; and that an ancient long-styled form with short 
stamens, small anthers and small pollen-grains has 
been converted into the female form. But accordiii"" 
to Mr. Meehan,* Mitchella itself is dimeions in some 
districts; for he says that one form has small sessile 
anthers wuthout a trace of pollen, the pistil being 
perfect ; wJdle in another form the stamens are perfect 
aud the pistil rudimentary. He adds that plants 
may be observed in the autumn bearing an abundant 
crop of }>errLe3, and others wuthout a single one. 
Should these statements be continnedj Mitchella will 
l>e proved to be heterostyled in one district and 
dioecious in another. 

Asperiila is likewise a Bubiaceous genus, and from 
the published description of the two forms of A. sco- 
parfa, an inhabitant of Tasmania, I did not doubt that 
it was heterostyled ; hnt on examining some flowers 
sent me by Dr. Hooker they proved to bo dioxiions. 
The male floAvers have large anthcra and a very small 
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ovarium, surmounted by a mere vestige of a stigma 
without any style ; whilst the female flowers possess 
a large ovarium, the anthers being rndimentaTy and J 

apparently quite destitute of pollem Considering 
how many Buhiaceous genera are heterostyled, it is a 
reasonable siispicLon that this Asperula is descended ^ 

from a hetero styled progenitor ; but we should be _ 

cautious on this head, for there is no improbability in 
a homostyled Eubiaceous plant becoming dioecious* ^ 

Atoreover, in an allied plant, Galium crmiatim^ the 
femalo organs have been suppressed in most of the 
lower llowers, whilst the upper ones remain hernia- Jj 

phrodite ; and here we have a moditication of the ^ 

sexual organs vdthoiit any connection with hetero- ' 

stvlism* 

Jlr, Thwaites informs me that in Ceylon various 
llubiaceous plants are hetcrosiyled ; but in the case 
of Discospermum one of the two forms is always 
barren, the ovary containing about two aborted ovules 
in each loculus : whilst in tho other form each loculus 
contains several perfect ovules ; so that the species ^ 

appears to be strictly dioecious, 

Most of the species of the South American genus ^ 

iEgiphilaj a member of the Yerbenaccfe, apparently ^3 

are heterostyled ; and both Fritz Muller and myself 
thought that this was the enso with obdurataf so te, 

closely did its ilowors resemble those of the heterostyled ^ 

species* But on examining the llo\vers, the anthers oi fiiin 

the long-styled form were found to be entirely desti- 
tute of pollen and less than half the size of those in ^ 

the other form, the pistO being perfectly developed* ' 

Oil the other hand, in the short-styled form the stig- 
mas are reduced to half their proper length, having 
also an abnormal appearance ; whilst the stamens are 
perfect* This plant therefore is dioecious j and we 
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may, I think, conclude that a short-styled progenitor, 
bearing long stamens exserted beyond the eoroUa, has 
been converted into the male ; and a long-styled pro- 
genitor with fully developed stigmas into the female. 

From the number of bad pollen-grains in the small 
anthers of the short stum cos of the long-styled form 
of Pulmonaria aufjustifolia, we may suspect that this 
form is tending to become female ; but it does not 
appear that the other or short-styled form is becoming 
more masculine. Certain appearances countenance 
the belief that the reproductive system of Phlox suhu- 
lata is likewise undergoing a change of some kind, 

I have now given the few cases known to me in 
which heterostyled plants appear with some consider- 
able degree of probability to have been rendered 
dioecious. Nor ought we to expect to fmd many such 
cases, for the number of heterostyled species is by no 
means large, at least in Europe, wlierc they could 
hardly have escaped notice. Therefore the number of 
dioecious species which owe their origin to tho trans- 
formation of heterostyled plants is probably not so 
large as might have been anticipated from the facilities 
which they offer for such conversion. 

In searching for cases like the foregoing ones, I have 
been led to examine some dioecious or sulxlioccious 
plants, which are worth describing, chiefly as they 
show by what fine gra<lations hermaphrodites may 
pass into polygamous or dioecious species, 

Polif^amou^f Dioecious ctnd Suh-dioeci&us Plants, 

Euo}iifrdusEurojX)8us (Celastriuem). — The spindle-tree 
is described in all the botanical works wdiich I have 
consulted as an hermaphrodite. Asa Gray speaks of 
the flowers of the American species as perlect, whilst 
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those in the allied genus Celastriia are said to be 
polygaDio-dioecious.'’ If a number of bushes of our 
apindlc-tree be examined, about half will be found to 
have stamens equal in length to the pistil, with well- 
developed anthers; the pistil being likewise to all 
ai^pearance well -developed. The other half hare a 
])erl'ect pistil, with the stamens shortj hearing rudi- 
mentary authors destitute of pollen ; so that these 
bushes are females. All the Howlers ou the same plant 
present the same structure. The female corolla is 
smaller than that on the pollen iferous bushes. The 
two forms aro shown in the aceompanyiiig drawings. 



Fig, 12. 




IIertnft|ilirodite or male. 




Fein ale. 
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I did not at first doubt that this species existed 
under an hermaphrodite and female form ; but w e shall 
presently see that some of the bushes which appear 
to be hermaphrodites never produce fruit, and these 
are in fact males. The species, therefore, is poly- 
gamous in the sense in which I use the term, and tri- 
oieous. The flowers are frequented by many Diptera 
and some small Hymenoptera for the sake of the 
nectar secreted by the disc, but I did not see a single 
bee at work ; nevertheless the other insects sufficed to 
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fertilise effectually female bushes growing at a dis- 
tance or oven 80 yards from any polleniferous bush. 

The small anthers borne by the short stamens of 
the female flowers are well formed and dehisce pro- 
perly, but I couid jieYcr limi in them a single grain 
of pollen. It is somewhat difScult to com pare the 
length of the pistils in the two forms, as they vary 
SL>me\vliat in this respect and continue to grow after 
the anthers are mature. The pistils, therefore, in old 
flowers on a polleniferous plant arc often of consider- 
ably greater length than in young flowers on a female 
plant* On this account the pistils from five flowers 
from so many hermaphrodite or male bushes were 
compared with those from five female btishes, before 
the anthers had dehisced and whilst the rudimentarv 
ones were of a pink colour and not at ail shrivelled. 
These two sets of pistils did not differ in length, or if 
there was any difference those of the polleniferous 
flowers were rather the longest, Jn one hermaphio^lite 
plant, which produced during three years very few 
and poor fruit, the pistil much exceeded in length 
the stamens bearing perfect and as yet closed an- 
thci's; and I never saw such a ca^c on any female 
plant. It is a surprising fact that the pistil in the 
male and in the semi-sterile hermaphrodite flowers 
has not been reduced in length, seeing that it per- 
forms very poorly or not at all its proper function. 
The stio-mas in tlie two forms are exactly alike : and 

O * ^ 

in some of the polleniferous plants which never pro- 
duced any fruit I found that the surface of the stigma 
was viscid, so that jiollen-graiiis adhered to it and had. 
exserted their tubes. The ovules are of equal size 
in the two forms. Therefore the most acute botanist, 
judging only by struct nre, would never have suspected 
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that Borne of tlie biiskes tvoic in function exclusively 
males* 

Thirteen buslies glowing^ near one another in a 
hedge consisted of eight females quite destitute of 
pollen, and of live hermaphroditea with Tvell-devcloped 
anthers* In the autumn the eight femalea were well 
coTCTed with fruit, excepting one, which hoxeonlya 
moderate number . Of the five liermapliroditea, one 
bore a dozen or two fruits, and the remaining four 
bushes several dozen ; but their number was as nothing 
compared witl\ those on the female bushes, for a single 
branch, between two and three feet in lengtli, from 
one of the latter, yielded more than any one of the 
hermaphrodite hushes* The difference in the amount 
of fruit produced by the two sets of hushes is all the 
more striking, as from the sketches above given it is 
obvious that the stigmas of the polleuiferous lowers 
can hardly fail to receive their own pollen j wliilst the 
fertilisation of the female flowers dejjends on pollen 
being brought to them by flies and the smaller 
Hymenoptera, which are far from bcung such efficient 
carriers as bees. 

I no>v determined to observe more carefully during 
successive seasons some bushes growing in another 
place about a mile dixstant* As the female bushes 
were so highly productive, I marked only two of them 
with the letters A and B, imd five polleniferous bushes 
with the letters 0 to G-. I may premise that the 
year 1865 was highly favourable for the fruiting of all 
the bushes, especially fftr the polleniferous ones, some 
of wliich were quite barren except under such favour- 
able conditions* The season of i. 8 64 wiis unfavourable. 
In 1863 the female A produced some fruit ; ” in 1864 
only 9; and in 1865, 97 fruit. The female B in 1863 
was '^covered with fruit;” in 1S64 it bore 28 ; and ici 
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1865 ‘Vinmimemblo very fine fruits,” I may add, 
that three other female trees growing close by were 
observed, but only during 1863, and they then bore 
abundantly. With respect to the polleniferous buslios, 
the one marked C did not bear a single fruit durini^ 
the years 1863 and 186d, but during 1865 it produced 
no less than 92 fruit, which, however, were very poor. 
I selected one of the finest branches with 15 fruit, and 
these contained 20 seeds, or on an average 1 ’ 33 
fruit, I then took by hazard 15 fruit from an adjoin- 
ing female hush, and these contained 43 seeds; that 
is more than twice as many, or on an average 2 ‘86 
per fruit* Many of the fruits from the female bushes 
included four seeds, an<I only one had a single seed ; 
whereas not ono fruit from the polleniferous bushes 
contained four seeds, htoreover, wlien the two lots of 
seeds were compared, it was manifest that those from 
the female bushes were the larger* The second 
polleniferous bush, J), bore in 1803 about two dozen 
fruit, — in 1864 only B very poor fruit, each containing 
a single seed,— and in 1865, 20 equally j>oor fruit. 
Lastly, the tliree polleniferous bushes, E, F, and G, 
did not produce a single fruit during tho three years 
1863, 18G4, and I 860 . 

We thus see that the female bushes differ somewhat 
in their degree of fertility, and the polleniferous ones 
in the most marked manner, W© have a perfect 
gradation from the female bush, B, which in 1865 was 
covered with “ inniimerablo fruits,’* — through the 
female A, which produced during the same ye^r 97, — 
through the polleniferous hush C, whicli produced 
this year 92 fruits, these, however, containing a very 
low average number of seeds of small size, — through 
the bush I), which produced only 2iJ poor fruit, — to 
the three bushes, E, F, and G, which did not this 
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year, or during the two preyious years, prcxluce a 
single fruit If these latter bushes anti the more 
fertile female ones were to supplant the others, the 
spin<lle-tree would he as strictly dicecious in function 
as any plant in the world. This ca^c appears to me 
very interesting, as showing how gradually an herma- 
phrodite plant may be converted into a dioecious one.* 
Seeing how general it is for organs which are 
almost quite fuiictionless to be reduced in size, it is 
remarkable that the pistils of the polleniferous plants 
should eqiiid or even exceed in length those of the 
highly fertile female plants. This fact formerly led 
me to suppose that the spindle-tree had once been 
heterostyled ; the hermaphrodite and male plants hav* 
ing been originally long-styled, with the pistils since 
reduced in length, but wdth the stamens retaining 
their former dimoiisions ; whilst the female plant had 
been originally short-styled, with the pistil in its pre- 
sent state, but ivith the stamens since greatly reduced 
and rendered rudimentary, A conversion of this kind 
is at least possible, although, it is the reverse of 
that which apj_>ears actually to have occurred with 
some Bubiaceo us genera and iEgiphila ; for with these 
plants the short-styled form has become the male, and 
the long-styled the female. It is, however, a more 
simple view that sufficient time has not elapsed for the 




Accoroiug to t'ntss Muller 
{' Hiht. 1 S 70 , p. 151 ), 

CbamiabOtt rAmsirjpthaueffi) 
Southern Brinzil in in nearly the 
BftRifl atntc fta Our hJur.mymng. Tlio 
ovuler< are equal ly ihvelnptKl in the 
two form#. In the fern a] o, thepli^til 
is wbiiflt the anthera aro 

entirely deatitiito of iJoElen. In 
pia polleniferous form, the pistil 
is iiliort And the ^tiguiiAa never 



pepanite from ono maothert 
that, althouf^li their tairfMCs 
noTored with fairly 
papillas, they fannot bo fortiliiMM. 
TJieae latter plants do not ccni' 
mohly yield any fruit, uthI ftf® 
there fore i n funotion miilofl. Never- 
theless, on oue 
M iillor found flo were of t hi s kind lA 
whi(.ih the litigmaft had soparattidj 
a Eld tliey produced some I'ruit. 



Darwin Online: courtesy 






CuAr. yiT. 



polygamous plants. 



293 



reduction af the pistil in the male and hermaphrodite 
fiovv^era of our ELumyrniis ; though this view does not 
account for the pistils in the polleniferous flowers 
being sometimes longer than those in the female 
dowers. 

Fragaria vesea, Virgmiana, Chiloenms^ d~c, {Rosacem). 
tendency to the separation of the sexes in the 
cultivated strawberry seems to be much more strongly 
marked in the United States that in Europe; and 
this appears to be the result of the direct action of 
climate on the reproductive organs, In the best ac- 
count which 1 have men* it is stated that many of the 
varieties in the United States consist of three forms, 
namely, females, which produce a heavy crop of fruit, ^ — 
of hermaphrodites, which “ seldom produce other than 
a very scanty crop of inferior and imperfect berries/^ 
— and of males, which produce none. The most skilful 
cultivators plant seven rows of female plants, then 
one row of hermaphrodites, and so on throughout the 
iichl.” The males bear large, the hermaphrodites 
mid-sized, and the females small flowers. The latter 
plants jtroduee few runners, whilst the tw'O other forms 
produce many ; consequently, as has been observed 
both in England and in the United States, the polleni- 
ferous forms increase rapidly and tend to supplant 
the females. We may tliereforo infer that much more 
vital force is expended in the pi'oduction of ovules 
and fruit than in the production of pollen. Another 
species, the ilautbois strawberry {F. elatior), is more 
strictly dioecious ; hut Lind ley made by selection an 
hermaphrodite stock. t 



lihamnus cathartieus (Ilham neas). — This plant is well 
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known to be dioecioiiB. ]\ty son William found the 
two aexos growing in about equal numbers in the Isle 
of Wight, and sent me specimens, together with obser- 
vations on them* Each sex consists of two sub-forms. 
The two forms of the male differ in their pistils: 
in some plants it is quite small, without any distinct 
stigma ; in others the pistil is much more developed, 
with the papillce on the stigniatic surfaces moderately 
large* The ovules in both kinds of males arc in an 
aborted condition. On my mentioning this case to Pro- 
fessor Caspaiy, he examined several male plants in 
the botanic gardens at Kdnigsborg, where there were 
no females, and sent me the accompanying drawings. 

Fig. 13. 

Long-sty I m&lo. Shoi't-stylfid male. 





RiiamnUS CATiiARTicva. (Fi-om Csiiajiary.) 

In the English plants tlie petals are not so greatly 
reduced as represented in this drawing. My son ob- 
served that those males which had their pistils mode- 
rately well developed bore slightly larger flowers, and, 
what is very remarkable, tbeir pollen-grains exceeded 
bv a little in diameter tliose of the males with greatly 
reduced pistils* This fact is opposed to the belief that 
the present species was once heterostyled ; for in tins 
case it might have been expected that the shorter- 
styled plants would have had larger pollen-grains* 

In the female plants the stamens are in an ex- 
tremely rudimentary condition, much more so than 
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the pistils iti the males* The piati! varies consi- 
derably ill length iu the female plants, so that they 
may be divided into two sub-forms according to the 

Fig. u. 




Lcmg-AtyleJ Shart-stjlai 
female. fensaie. 

RlfAllNUS OATHARTICUSw 



length of this organ. Both the petals and sepals are 
decidedly smaller in the females than in the males; 
and the sepals do not turn downwards, as do those of 
the male flowers when mature. All the flowers on the 
same male or same female bush, though subject to 
some variability, belong to the same sub-form ; and 
as my son never experienced any difficnlty in decid- 
ing under which class a plant ought to bo included, 
he believes tliat the two sub-forms of the same sex 
do not graduate into one another, I can form no 
satisfactory theory how the four forms of this plant 
originated, 

Mhainnus laneeolaius exists in the United States, 
as 1 am informed by Professor Asa Gray, under two 
liermaphrodito forms* In the one, which may be called 
the sliort-stvled, the fl owners are sub-solitary, and in- 
clude a ])istil about two-thirds or only half as long as 
that in the other form ; it has also shorter stigmas, 1 he 
stamens are of equal length in the two forms ; but the 
anthers of the short-styled contain rather less pollen, 
as lar as I could judge from a few dried fiowera. Id) 
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son compared the pollen-grams from the two forma^ 

and those from the long-atyled flowers were to those 

from the short-styled, on im aTcragefrom tenineasDre- 

ments, as 10 to 9 in diameter ; so that the two ber- 

maphtodite forms of tliis species resemble in this 

respect the two male forms of H. mthartiem. The 

long-styled form is not so common as the short-styled* 

The latter is said by Asa Gray to bo the more fruitful 

of the two, as might have been expected from its 

appearing to produce less pollen, and from the grains 

being of smaller size : it is therefore the more highly 
■ . ™ ^ 

feminine of the two, Tho long-styled form produces 
a greater number of flowers, wlileh are eltistered to- 
gether instead of being snb-sobtary ; they yield some 
fruit, bnt as just stated are less fruitful than the other 
form, so that this form appears to be the more mas- 
culine of the two. On the supposition that we have 
here an hermaphrodite plant becoming dicecious, there 
are two points deserving notice ; flrstly, the greater 
length of the pistil in the incipient male form ; and 
we have met with a nearly similar case in the male 
and hermaphrodite forms of Euonymus compared with 
tho females. Secondly, the larger size of the pollen- 
grains in the more masculine flowers, w hich perhaps may 
be attributed to their having retained their normal size ; 
whilst those in the incipient female flowers have been 
reduced* The long-styled form of B. lanceolatus seem^ 
to correspond with the males of B. catharticus which 
have a longer pistil and larger pollen-grain s. Light 
will perhaps be thrown on the nature of the forms 
in this genus, as soon as the pow or of both kinds ot 
pollen on both stigmas is ascertained* Several other 
species of Ehanmus aro said to be dicecious"^ or sub- 



* Lecthi, ■ Gcogr. Bot.' toHi. v, 1S56, irp, 420'26. 
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JicBcious. Oil the other hand, U. franguU is an ordi- 
nary lierniaphrodite, for my son found a large number 
of bushes all bearing an equal profusion of fruit. 

Epig^a repma (Ericaceje).— This plant appears to 
be in nearly the same state as Ilhamnm catluirticus. 
It is described by Asa Gray* as existing under four 
fiirms. (1) With long style, perfect stigma, and short 
abortive stamens. (2) Shorter style, but with stigma 
equally perfect, short abortive stamens. These two 
female forms amounted to 20 per cent, of the speci- 
mens received from one locality in Llaine ; but all 
the fruiting specimens belonged to the first form. 
(S) Style long, as in No, 1, but with stigma imperfect, 
stamens perfect. (4) Style shorter than in the last, 
stigma imporiect, stamens perfect. These two latter 
forms are evidently males. Therefore, as Asa Gray 
remarks, 'Hhe flowers may be classified into twokinflg, 
each with two modifications ; the two main kinds 
characterised by the nature and perfection of the 
stigma, along with more or less abortion of the 
stamens ; their modifications, by the length of the 
stylo.” Mr. Meehan has deseribedf the extreme 
variability of the corolla and calyx in this plant, and 
shows that it is dioecious. It is much to be wislie<l 
that tho pollen-grains in the two male forms should 
he compared, and their fertilising power tried on the 
two female forms. 

Jlex aquifoliwn (Aqnifoliaceco). — In the several 
works which 1 have consulted, one author alonef says 
that the holly is dicccious. During several years I 



* ‘Amerjcan .Unurtml of Science,’ 
Jul>' 187G. Altio, Tne Ameficun 
187(n p . 4^0. 

t *‘YEiriuitio]iaiD EplijnaarepejisP 
* Proc, Acad, Nat. Bou. of Pliila- 



delphiii,^ May IfidS, p. ]5i5. 

t Vaucher, ‘ Hist. Pby*- 
FI antes d’Enroix),' 1S41, tom. it 

p. 11. 
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have ex ami Tied many pi ant si, Imt have nerer found 
one that was really licmia]ihrodite. I mention this 
genus because the stjimens in the female flowers, ah 
though quite destitute of pollen, are, but slightly and 
sometimes not at all shorter than the perfect stamens 
in the male flowers* In the latter the ovary is small 
and tho pistil is almost aborted* The fllaments of the 
perfect stamens adhere for a greater length to the 
petals than in tho female flowers. The corolla of 
the latter is rather smaller than that of the male* 
The male trees produce a greater number of flowers 
than the females. Asa Gray informs me that I ojwsca, 
which represents in the United States our common 
holly, appears (judging from dried flowers) to be in a 
similar state ; and so it is, accor<ling to Yaucher, with 
several other but not with all the species of the genus* 

Gyrio-dicscwus Plants^ 

The plants hitherto described cither show a tendency 
to become di(»eious, or apparently have become so 
within a recent period* But the species now^ to be 
considered consist of hermaphrodites and females 
without males, and rarely showr any tendency to 
be diceciouSj as far as can be judged from their 
present condition and from the absence of species 
having separated sexes wdthin the same groups. 
Species belonging to the present class, which i have 
called gyno-dioeeious, are found in various widely 
distinct families ; but are much more common in the 
Labiatai (as has long been noticed by botanists) than 
in any other group* Such cases have been noticed 
by myself in Thtjmus serjvjUum and vulgaris, Satureta 
hortensiSf Ori^arimi vuhjare, and Mentha ; and 

by others in Nejieta ^lechoma^ Mentha vuJgarh and 
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aqmtica, and Fru7tdla vidcjaris. Jn these two latter 
spet-ies the feinale form, aecordin^ to H. :>ruller, b 
infrec[iieiit* J.o these must be added Fi^ct^ocephalutii 
Moldatdcum, Melissa o^malts and cUniqyodiuyfi, ami 
Ilyssopus o£kinalis* In the two last-named plants the 
female form likewise appears to be rare, for I raised 
many seedlings of both, and all were hermaphrodites. 
It has already been remarked in the Introduction that 
andro-dioecious species, m they may be called, or those 
which consist of hermaphrodites and males, are ex- 
tremely rare, or hardly exist. 

Thymus serptjUmi.— The hennaphrodito plants pre- 
sent nothing particular in the state of their reproduc- 
tive organs ; and so it is in all the following cases. The 
females of the present species produce rather fewer 
flowers and have somewhat smaller corollas than the 
hermaphrodites ; so that near Torquay, where this 
plant abounds, I could, after a little praetice, distin- 
guish the two forms whilst w^alking quickly past them. 
According to Yaucher, the smaller size of the corolla 
is common to tlio females of most or all of the above- 
mentioned Labiatm. The pistil of the feiuale, thovigh 
someuhat variable in length, is generally shorter, 
with the margins of the stigma broader and formed 
of more lax tissue, than that of the hermaphrodite. 
The stamens in the female vary excessively in length ; 
they are generally enclosed w-ithin the tube ot the 



* H. Miiller, ‘ I)k Befroptitiing 
dcT Ulumcu,’ 1873; nnni ‘ N’titwns* 
1873, p. 161. Vaucli^jr, ‘ Pkntus 
d’ Europe/ tom. lii. p. Oil- For 
Draoocfephalum, Schiiiipor, aa 
quoted by Braun, * Annals unJ 
llag.of Nat. Hist/ 2nd eerica. voL 
iviil 1836, p. 380. Lotn>q, ♦ Gef^ 
graphifi BoL de rEiirope/ tuiu.i^iij- 
pp. 33, 3b, 4i. &a. Both Vauclitir 



and Lecoq were tnistaken in think- 
ing that eeveifil of the plants 
named in the tost are di^Kcious. 
Thoy appear to have assumed that 
the Lariiiaphrmlite form was a 
male; ijerhapa they were dc- 
etiived by the pistil not boeoming 
fully devoloped and of proper 
fougth until some titoe after the 
anthers hav-e dehiseed. 
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corolla, and their anthers do not contain any sound 
pollen ; hut after loii" search I found a single plant 
with the stamens moderately exaerted, and their 
anthers contained a very few full -sized grains j together 
with a multitude of minute empty ones. In some 
females the stamens are extremely short, and their 
minute anthers, though divided into the two normal 
cells or loculi, contained not a trace of pollen: in 
others again tho anthers did not exceed in diameter 
the filaments which supported them, and were not 
<livided into two loculi. Judging from what I have 
myself seen and from the descriptions of others, all 
the plants in Britain, (xermany, and near Mentone, 
are in the state just described; and I have never 
found a single flower with an aborted pistih It is, 
therefore, remarkable that according to Delpino,* this 
plant near Florence is generally trimorphic, consisting 
of males with aborted pistils, females with, aborted 
stamens and hermaphrodites, 

1 found it very diflicult to judge of the proi>ortioiial 
number of the two forms at Torquay. They often 
grow mingled together, but with large pitches con- 
sisting of one form alone. At first 1 thought that the 
two were nearly equal in number ; but on examining 
every plant which grew close to the edge of a little 
overhanging dry cliff, about 200 yards in length, I 
found only 12 females; all tho rest, some hundreds 
in number, being hermaphrodites. Again, on an 
extensive gently sloping bank, which was so thickly 
covered with this jiLint that, view'cd from the distance 
of half a mile it appeared of a pink colour, I could 
not discover a single female. Therefore the her- 

* ‘ SuirOpt^rn, Ift Dietrilinziono IL *Die Bofmektungt 

dei nelle Piiitite, Ac/ &< 5 -j' jj. 327* 
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jnaplirotUtes mmt greatly exceed in mimber the 
females, at least in the localities examined hv me* 
A very dry station apparently favours the presence 
of the female form. With some of the other a"bt>ve- 
named Lahiatte the nature of the soil or climate 
likewise seems to determine the presence of one or 
both forms ; thus with Nepeta ghelmtm, Mr. Hart found 
in 1873 that all the plants which he examined near 
Kilkenny in Ireland were females; whilst all near 
Bath were hermaphrodites, and near Hertford both 
forms were present, but with a preponderance of her- 
maphrodites.* It ^voiild, however, be a mistake to 
suppose that the nature of the conditions determines 
the form independently of inheritance; for I sowed 
in the same small bod seeds of T. serpifllum, gathered 
at Torquay from the female alone, and these produced 
an abundance of both forms. ^J'here is every reason 
to believe, from large patches consisting of the same 
form, that the same individual plant, however much 
it may spread, always retains the same form. In two 
distant gardens I found masses of the lemon- thy me 
(T. eitriodoruSf a var* of T. sejpiflhim), which I was 
informed had gro^vn there during many years, and 
every flower wus female* 

With rcs]:tcct to the fertility of the two forms, I 
marked at Torquay a large hermaphrodite and a large 
female plant of nearly equal sizes, and when the seeds 
were ripo I gathered all the heads* The two heaps 
were of very nearly equal hulk ; but tire heads from 
the female plant numbered 160, and their seeds 
weighed S ■ 7 grains ; whilst those from the her- 
mapbrodite plant numbered 200, and their seeds 
weighed only 4*9 grains; so that the seeds Irom the 



* * Nuturc'/ June 1873, p, l(j2. 
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female plant were to ttiose from the liermaphroJite 
as 100 to 50 ill weight. If tho relative weight of 
the seeds from an equal number of llowers-heads 
from the tAvo forms bo eompared, the rfitio is as 100 
for the female to 45 for the herma^jiirodite form. 

Thymus vulgaris .— common garden thyme re- 
sembles in almost every respect T serpylluvu The 
same slight difierences between the stigma-s of the 
two forms could be perceived. In the females the 
stamens are not generally quite so irmch reduced as 
in the same form of T, scTgyyllivm. In some specimens 
sent me trom Jlentone by Mr, Moggridge, together 
with the accompanying sketcheSj the anthers of the 




Fig. 15 , 



Ilerm Aphrodite. Females, 

Thysius vuDQAiiis (magnified). 



femalej though small, w^ere well formed, hut they con- 
tained very little pollen, and not a single sound grain 
could bo detected* Eighteen seedlings were raised 
from purchased seed, sown in the same pmall bed ; 
and these consisted of seven hermaphrodites and 
eleven females. They were left freely exposed to 
the visits of bees, and no doubt every female dower 
was fertilised ; for on placing under the micro- 
scope a large number of stigmas from female phuits, 
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not one could be found to which pollen-grains of 
thyme did not adhere. The seeds were carefully 
<M.)llectcd from the eleven female plants, and they 
weighed 98 ’7 grains; and thoae from the seven her- 
maphrodites 36 '5 grains. This gives for an equal 
number of plants the ratio of 100 to 58; and we 
here sec, as in the last case, how much more fertile 
the females are than the hermaphrodites* These two 
lots of seeds were sown separately in two adjoining 
beds, and the seedlings from both the hermaphro- 
dite and female parent-plants consisted of both forms. 

Stitureia hortensis . — Eleven seedlings were raised in 
separate pots in a hotbed and afterwards kept in the 
green-house* They consisted of ten females and of 
a single hermaphrodite, Whether or not the condi- 
tions to wliich they had been subjected caused the great 
excess of females T do not know* In the females the 
pistil is rather longer than that of the hermaphrodite, 
and the stamens are mere rudiments, with minute 
eolonrlcss anthers destitute of pollen. The windows 
of the green-house were left open, and the dowers 
w'cre incessantly visited by bumble and Live bees. 
Although the ten females did not produce a single 
grain of pollen, yet they were all thoroughly well 
fertilised by the one hermaphrodite plant, and this 
is an interesting fact. It should be added that no 
other plant of this species grew in my garden. The 
seeds were collected from the hnest female plant, 
and they weighed 78 grains ; whilst those from the 
hermaphrodite, which was a rather larger plant tiian 
the feinalej weighed only 33 '2 grains ; that is, in the 
ratio of 100 to 43* The female tbrm, therefore, is very- 
much more fertile than the hermaphrodite, as hi the two 
last cases ; but the hermaj;ihrodite was necessitrily seli^ 
fertilised, and this probably diminisbed its fertility* 
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We may now consider tlie probable means by wliich 
so many of the Lahiatae have been separated into two 
forms, and the advantages thus gained. H. Muller* 
supposes that originally some individuals varied so as 
to produce more conspicuous flowers ; and that insects 
liabitiiallv visited these first, and then dusted with 

wt 

their pollen visited and fertilised the less conspicuous 
flowers. The production of jxillen hy the latter plants 
would thus be rendered superfluous, and it would be 
advantageous to the species that their stamens should 
abort, BO as to save useless expenditure. They would 
thus he converted into females. But another view may 
be suggested : as the jiroductiou of a large supply of 
seeds evidently is of high importance to many plants, 
and as we have seen in the three foregoing cases 
that the females produce many more seeds than the 
hermaphrodites, increased fertility ecems to me the 
more probable cause of the formation and separation of 
the two forms. From the data above given it follows 
that ten plants of Thymus serpyllum, if half consisted 
of hermaphrodites and half of females, would yield 
seeds compared with ten hermaphrodite plants in the 
ratio of 100 to 72, Under similar circumstances the 
ratio with Satureia liortenm (subject to the doubt from 
the self-fertilisation of the hermaphrodite) would be as 
100 to 60, hether the two forms originated in cer- 
tain individuals varying and producing more seed than 
usual, and consequently producing less pollen ; or in 
the stamens of certain individuals tending from some 
unknown cause to abort, and consequently producing 
mote seed, it is imj> 08 sible to decide ; but in either 
case, if the tendency to the increased production of 
seed were steadily favoured, the result would be the 
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complete abortion, of tho male organs. I sliall ijre- 
seiitly discuss the cause of the smaller size of the 

feiuiile corolla, 

Scahiosa arvem^is (Dipsacea^)— It has boon jsho'toi by H. Miiller 
that this species oidsts in Gcrimny under an hermaphrodito and 
female form,* In my noighbourliood (Kent) the female plants 
do not nearly equal in number the hermaphrodites, The stamens 
of the females Tary much in their degree of abortion ; in some 
plants they are quite short "and produce no pollen ; in others 
they reach to tl^e mouth of the corolla, but their anthere are not 
half the proper size, neTer dehiseo, and contain hut few pollen- 
grains, these lieing colourless and of small diameter. The her- 
maphrodite flowers are strongly protemndrous, and H, Muller 
shows that, whilst all the stigmas on the same flower-head are 
mature at nearly the pamc time, the stamens dehisce one after 
the other ; so that there is a great excess of ix)llen, which serves 
to fertilise the female plants. As tho production of pollen by 
one set of plants is thus rendered superfluous, their male organs 
have l>ecomc more or less completely aborted. Should it he 
hereafter proved that the female plants yield, as is probable 
more seeds tliaTi the hermaphrodites, I sliould bo inclined to 
extend the Kame view to this plant os to the Labiatai, I have 
also obfMjrved the existence of two forms in our endemic S. 
mcr-isa-f and in the exotic S. atro-purpurca. In the latter plant* 
differently to what occurs in .S', cr yen sis, the female flowers, 
csf>Gcially the larger cii'cumfer&ntial ones, are smaller than those 
of the hermaphrodite forrm According to Lecoq, the female 
flower-lieads of S. succisa- are likewise smaller than those of 
what he calls the male plants, but which aro probably hcr- 
rnaphrodltOK. 

ErMum vulgare (Boraginese),— Tho ordinary hermaphrodite 
form appears to be proteiandrous, and iiothiiig morenctxlbe said 
about it. The female differs in having a much smaller corolla 
and shorter pistil, but n well-develoi>e{i stigma* The stamens 



* ‘Befruchtnng det Bluiaeii/ and female# coexiat; it is, how- 
i;e., p; The two foiiiis <jccur ever, poesiible that he mny have 
not only in Geriujitiy, bsit in been deceive J by the llo won* bebg 

England and France* Lt^coq, so btrongly proteraudreua. From 

C GeogmpJue But.’ toui. vi. what beooq aaya, S. like- 

pp* 473, 477), sajB that male wise ap|^e^ua to occur under two 
plauLtf a!* well as hortoupluodites form& In France. 
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f^re fihort; the autherR ilo Tiot contain any Bound polIen-gminB, 
but in tticir place yellow? incoherent cells T?Iiich do not Bwell 
in water. Some plants were in an intermediate condition; that 
is, had one or two or three stamens of proper length with per- 
fect anthers, the other staraeuR being rudimentary. In one auch 
plant half of one anther contained green perfect pollen-grains, 
and the oth or half y el lowish-gi'een i mi>er fee t grai ns. Both fami s 
produced seed, but I neglected to observe whether in equal 
numberR^ Ab I thought that the state of the anthers might be 
due to some fungoid growth, I examined them both in the bud 
and mature state, but could find no trace of mycelium. In 1862 
many female plants w^ere found; and in 1B64, 32 plants were 
collected in two localities, exactly half of which were hermaphro- 
dites, fourteen were females, and two in an iiitexinediate con- 
dition. In 18G6| 15 plants were collected in another localityj 
and these consisted of four hermaplirodites and eleven females. 
I may add that this season was a wet one, which shows that the 
abortion of the stamens can hardly ha due to the dryness of the 
sites where the plants grew, as I at one time thought pro- 
liable. Seeds from an hermaphrodite were sown in my garden, 
and of the 23 seedlings raised, one belonged to the intermediate 
form, all the others being hermaphrodites, though two or three 
of them had timisnally short stamens. I have consulted several 
botanical works, but have found no record of this plant varying 
in the maimer here described, 

Ffaniit/io IctJicmfaifi (Plautagincffi). — Delpino states that this 
plant prcRentH in Italy tlir&o forms, which graduate from an 
ancmophilotia into an entomophilous condition* According to 
H. Muller * there are only two forniR in Germany, neither of 
which show any .special adaptation for insect fertiliFation, and 
both apjiear to bo hermaphrotlites* But I have found in two 
localities in England female and hermaphrodite forma eiietiag 
together ; and the Kamo fact has beem noticed by otherfl.t The 
females are less frequent than the hermaphrodites ; their stamens 
are abort, and their anthers, which arc of a brighter green 
whilst young than those of the other form, dehisce properly, yet 
contain either no pollen, or a small aiiiount of imperfect grains 
of variable size. All the flowcr-heada on a plant belong to 
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tlie eame form. It is vrdl known tliat this species is strongly 
proterogynous, and I found tliat tlio protruding stigmas of both 
the hermaphrodite and female flowers wei-e penetrated by pollen- 
tubes, whilst their own anthers were immature and had not 
escaped out of the bud. Plankif^o 7nMm does not present two 
forms; but it appears from Asa Gray's description,* that such 
is the case with four of the North American species. The co- 
rolla does not properly exi^and in the short-staraened form of 
these plants. 

Ciiicus Sermtula Eriop}mum . — ^Tn the Composihe, Cniciia 
p<duatrh and amulh are said by Sin J, E. Smith to exist as her- 
maphrodites and females, the former being the more frequent. 
"With ^en'iitnla tin*'AtyrUx> a regular gradation may be followed 
from the hermaphrodite to the female form ; in one of the latter 
plants the stamens were so tall that the anthers embraced the 
style as in the hermaphroditesj but they containetl only a few 
grains of pollen, and these in an aborted eondition ; in an- 
other female, on the other hand, the anthers were much more 
reduced in size than is usual. Lastly, Dr. Dickie has shown 
that with Erio'phm-um (Cypci'accfe) hermaphro- 

dite and female forms exist in iScotland and the Arctic regions 
both of which yield seed.f 



It is a curious fact that in all tte foregoing poly- 
gamous, dioecious, and gy no-dioecious plants in whicb. 
any differenco has been observed in the size of the 
corolla in tbe two or three forms, it is rather larger in 
the females, which have their stamens more or less or 
quite rudimentary, than in the hermaphrodites or males, 
This holds irood with Eiionymus, Rhminu^ caiharticu^. 
Ilex, Fra^^i^aria, all or at least most of the before-named. 
Labiatffij ScaJjima airo-^urpurea^ and J^hmm vulgare. 
So it is, aocorditig to Yon Molil, with C(tTd<xiuine 



* ^^lantml of the Botany of 
the N. Unittui States/ 2nd edit 
185(1, p. 2(iy. See flJeo * Aineriisaci 
JdurtiJil of Science; Nov. iStiLi, 
p. 41M, end ‘l‘roc. Anioi'icitn 
Academy of ScietictJ,' Oct. 14, 



18(12, p. 5a 

t Sir J. E. Smith, ‘Trarin. 
Linn. Soc./ toI xiiL p. 

Dr. Difikie, ‘ JouruaL r.inii. Soc. 
Botf vyl. IX. 16(35, p. 161^ 
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amara, Geranium- sylvatiGunif Mj/osotiSf and Salvia. 
On the other hand, as Yon Molil remarks, when a 
plant produces hcnnap]iTo<lito flowers and others 
’\vhich are males owing to the more or less eomplete 
abortion of the female organs, the corollas of the 
males are not at all increased in size, or only excep- 
tionally and in a slight degree, as in Acer.* It seems 
therefore probable that the decreased size of the female 
corollas in the foregoing cases is due to a tendency to 
abortion spreading from the stamens to the petals. We 
see how intimately these organs are related in double 
tlo^A'ers, in which the stamens are readily converted 
into petals* Indeed some botanists believe that petals 
do not consist of leaves directly metamorphosed, but of 
metamorphosed stamens* That the lessened size of the 
corolla in the above case is in some manner an indirect 
result of the modification of the reproductive organa is 
supported by the fact that in RJiaynnvs caiharticue not 
only the petals but the green and inconspicuous sepals 
of the female have been reduced in size ; and in the 
strawberry the flowers are largest in the males, mid- 
sized in the hermaphrodites, and smallest in the fe- 
males. These latter cases, — ^the variability in the size 
of the corolla in some of the above species, for instance 
in the common thyme,— together with the fact that it 
never differs greatly in size in the two forms— make 
me doubt much whether natural selection has come 
into play;— that is whether, in accordance with H* 
lUiiller^s belief, the advantage derived from the pob 
leniferous flosveis being visited first by insects has 
been sufficient to lead to a gradual reduction of the 
corolla of the female. We should bear in mind that as 
the hermaphrodite is the normal form, its corolla has 
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Bot. Zeitung,' 18U3, p. 326. 
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probably retained its original size.* An objection to 
the above view should not be passed over ; namely, that 
the abortion of the stamens in the females ought to 
have added through the law of compensation to the 
size of the corolla ; and this perhaps would have oe- 
cuired, had not tho expenditure saved hy the abor- 
tion of the stamens been directe<l to the fenmle repro- 
ductive organs, so as to give to this form increased 
fertility, 



• It not appear to me 

that Kernel"^ H, view (* Die SchutZ' 
miitel dcs t'olieriB,* 1S73, p. 

Clin be accepted in the preaent 
case^ naDitly tbot ihe larger 
oijrdla in tlio Lermapbroditea aad 



malee aerves to protect their pollen 
from rain. In the goo us Titymua, 
for inetaiicc, tho abort&i antliers 
of the fcrrmle arc much better 
protected than tiie perfect oiiea of 
the hermaphrodite* 
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General character of cloietogamic flowers — List of the goDeia producing 
£ueh fiowpJ’R^ and their di^trlbuteoa m tho vegetahle Boriea — Viola, 
description of tho cloiatogamic. flowers in tho sevenil spccica, thpir 
fertility oora pared with that of tho perfect flowers — Oxalis 
acetoscHii— 0. aenaitiva^ three forms of deiatogamlc flowers — V'an- 
del lia— Onon i s — Im paliene — Drosera — Mi-wol Ian oous obser¥'atioBfl 
on various other eleistogamic plants — Anonaophllons apoeics produ- 
cing qleistogatnie flowers — Leersia, perfect flowers rarely developed, 
— Summary and concluding retuaiks on tho origin of cleistogamic 
flowers — The chief couclusiona which may drawn freiii the 
observations in this volume. 
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Nr 

'.f i 
list ' 



' 



It was known even before the time of Linneeus that !** ' 

oertain plants produced two kinds of flowers, ordi- . 

nary open, and minute closed ones ; and this fact 
formerly gave rise to warm controversies about the 
sexuality of plants. These closed flowers have been f " 

appropriately named cleiatogamio by Dr, Kuhn.* 

They are remarkable from their small siae and from 

never opening, so t)\at they resemble buds ; their petals ' 

are rudimentary or quite aborted; their stamens are 

often reduced in numberj with the anthers of very ^ ^ 

small size, containing few pollen-grains, which have 

remarkably thin transparent coats, and generally emit 

their tubes whilst still enclosed ivithin the anther- 

cells ; and, lastly, the pistil is much reduced in size, ^ 

w'ith the stigma in some eases hardly at all developed, 

These floivers do not secrete nectar or emit any odoiu* ; 

from their small size, as well as from tho corolla being ^ 

rudimentary, they are singularly inconspicuous. Con- 



*Bot Zeitung; 1867, p. 65 
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sequently insects do not visit them ; nor if tliey did, 
could they find an entrance* Such flowers are therefore 
invariably self-fertilised ; yet they produce an abund- 
ance of seed. In several Citses the young capsules 
bury themselves beneath tlio ground, and the seeds 
are there matured. These flowers are developed before, 
or after, or simultaneously with the perfect ones* 
Their development seems to be largely governed by 
the conditions to which the plants are exposed, for 
during certain seasons or in certain localities only 
cleistogamic or only perfect flowers are produced. 

Dr. Xuhii, in the article above referred to, gives a 
list of 44 genera including species which bear flowers 
of this kind. To this list L have added some genera, 
and the authorities are appended in a foot-note. I 
have omitted three names, from reasons likewise given 
in the foot-note* But it is by no means easy to de- 
cide in all cases whether certain flowers ought to be 
ranked as cleistogamic, I'or iiiatanco, Mr. Bentham 
informs me that in the South of France some of the 
flowers on the vine do not fully open and yet set 
fruit ; and 1 hear tfom two ex[>erienced gardeners that 
this is the case with the vine in our hot-houses ; hut 
as the flowers do not appear to he completely closed it 
would be imprudent to consider them as cleistogamic. 
The flowers of some aquatic and marsh plants, lor 
instance of Jianunculus a^u^tiUs, AUsma nat(in$t 
Snbiilaria, Illecebnim, 3Ienyanthes, and Euryale,* 
remain closely shut as long as they are sub- 
merged, and in this condition fertilise themselves. 




1S25, p* 157* For tlio 
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They hehave in this manner, apparently as a protec- 
tion to their }>ollen, and produce open fiowers when 
exposed to tlie air; so that these cases seem rather 
different from those of true cleistogamic llowem, and 
have not been included in the list* Again, the flower-s 
of some plants which arc produced very early or very 
late in the season do not properly expand ; and these 
might perhaps bo considered as incipiently cleistO' 
garni c ; but as they no not present any of the remark- 
able peculiarities proper to the class, and as I have 
not found any full record of such eases, they are not 
entered in tho list. U'^hen, how^ever, it is believed on 
fairly good evidence tliat the ilowem on a plant in its 
native country do not open at any hour of the day or 
night, and yet set seeds capable of germination, these 
may fairly bo considered as cleistogamie, notwith- 
standing that they present no peculiarities of struc- 
ture. I will now give as complete a list of the genera 
containing cleistogamie species as I have been able 
to collect. 

Table 38. 

List 0 / Genem including Cieisio^amic Species (chiejfp after Kiihn).* 

DTCOTYLKDOSS. 

DffdalncaEthtis (Acfi,iitbAce®). 
Dipteriicanthuij „ 

di^thmantherii 
Rue Ilia „ 

tfunimn (Labiata;). 

SfllTin „ 

Oiybaphui (XvctagineEe)* 



I>lOOTYLEIK>NfJ. 

Eritrichiura (Bfjiraginea:), 
•Cuhcuttt (Convfltvulateic). 
ScToph u ] jtTia (ikroph u Ja ri ne* Y 
laaai'ia 
VaDdellia 

Cryphiacanthiis (Acanthaceic), 
Eraiith<?muni 



*■ I omitterl Trifoliumfiud 
Arachie from the U&t, becauas Von 
Mohl says(+B[>t Zeitung;/ ISfig. 
p, 312) that tho iJower^&lems 
lueTLly clmw the flowtra boneath 
the firimnd, and ihut tljcstj do not 
appfiar to he prop^/rl v doistogaraic. 
Gorrtado Jltllo pJoumul Lmn, 
Roc. bnt.’ vol. xi. IgTO, p. 254) 
observed plants of Aiuc^hia in 



Brazih and coidd never find stiiTih 
fiowens. Plantago Itaabeeti omitlLd 
bemui-e as fnr as T cim diacovtr it 
produces hemmpSiirndite and f<;- 
iiiflle flovver-hrftdji, but not cUdsi- 
togan I ic fl rurvi^rs. Kra iu ■ heo i 1 n ikowifl 
(Vfl Rtollaria) haa been ouiitted 
boeauae it fleeJiia v'ery doubtful 
from Ma^iriiowicz’ dtmTiplion 
wbctlitr tbo lower flowers wLich 
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Table SS—conimued. 



ctcottledons. 
Nvctaginia (Nyctaglnesp). 
Stajielia (Aaclepiadie), 
SpeeuliiTia (CainiMmulacefle)* 
Campanula „ 

Hottcmaa (Primulaceaf). 
Acaiidina (Composita>), 

H e rn-(iAr| i/ca {CriHji 
Viola (ViolaccEc), 
lleliantheinum 

I'liTOnia (Malraceac). 

Gau li i c h and ia (Mnlpigti iaces). 
Aspicari>4 „ 

Camarfia ,* 

Jamiisia 

Poly gala (Polygateffi). 
Impatianfi (Balsjimiiiea;), 
Oxalis (G^rantacea;), 

Onohifi (Lftgumiuoaffi). 
Patochsttuzi 
Chapman (I i a 
Stylu^allthuil 



I>lCOTrLEI>ONS, 
LespftiJeaa (Leguminosa;). 
Vicia „ 

Lathj'rus ,, 

Jlartiusia D<?n 
Neurocarpum/ 
AmphJUiu-jjjjea ,, 

Glyciti^ 

Gnlaotia 

Voamlzeia „ 

Drcs^ra (Dros^ftracca?). 

MONOGOrrr.KDOSS. 

Ju ne US (Juncefe)* 

Le^etsia (Grainiueoe)* 
Hordeum 
Cryptostachvfl „ 

Commelina (C-oinmelineiD). 

Mopochoria ( Pouted eraocEc)^ 

Schoiiiburgkia (Orchidie). 

Cflttleya 

Kpid^ndrou 

Thelymitra' 



have Eo imtels or very giuall oecs, 
and barren ataiuouia or none, nro 
oleietoguDiio ^ tlio U[]por lienna- 
pliroclite flosverft are ^aid never to 
jiroduce fruit, and tLorefoT^ prf>- 
nably act au males. Moreover in 
Steiliirta fjramimay as l^abinfftoTi 
remarkfl CEritLuh R<-)tany,* lS 51 j 
pu 51) ^‘aiiorter and lonj^er petals 
ooociiiLpaiiy an imporfeetion uf the 
Btametid or mermen ' 

1 have added to the list the fol- 
lowing canes : Several Acanthaceio, 
for wLLdi see J* Scott ijg * Jomnal 
ofB dJ ( London )t BOW Bnsries, voL 
i. 1^7^, p. 161. With respect to 
Siilvift SCO Dr. Aadicrson m ‘ Bot, 
ZeitungJ 1371, P- S55. For Oxy- 
baidius and Nyctnginia see Aua 
Gray in * American Natiirnliat,’ 
Nov, 1873, p. USJ2. From Dr. 
Tarrey'ri account of //o/;o>iwr 
itijUda (' Bull, of 'I'orroy Botiiij, 
Club/ vol. ii. June 1871) it is 
manifest that tliis planE producesa 
true cleUltjg^amic Uowerj. I'Vr 



Pavonia see Bouch^ in * Sit^Tings- 
beriohte d, Gesellscli. Nnttir, 
Frounde/ Oet 20, 1871 p. 00^ I 
li ft ve added T I j e ly m i t m^as from the 
necoiint siven by Mr. Firzgemld in 
his magnificent work on * Anstra- 
ILfin Orchids' it uppHirs tliat the 
dowers of this plant in its native 
home nfivfiir open, but they do not 
apjjeiir to be tedaoed in aiacu Nor 
is tliia the case with the flowcraof 
ccrtjiiii aiieciea of Epitlondron. 
Cattleya, &Ch ^eee second e<iitioTi 
of my * Fertiliaatkon of Orchide/ 
p. 147X which without eipanding 
produce carisnies. It ia therefore 
doubtful whether these Orchi<le® 
ought to have been includod in the 
list. From what Duval- Jcuve bsaya 
ftbont Cryptostaehys in *BulL 
Koe. Bot, da France,' torn. x. 1863, 
p. 195, this plant npr^eiira to pro- 
duce cleiiHtogatuiu ilowersv Thu 
other adilitions to the Hat arc 
noticed in luy text. 
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The first point that strikes ns in considering this list 
of 55 genera, is that they aro very widely distributed 
in the vegetable series. They are more common in the 
family of the T.egnminosae than in any other, and next 
in or<ler in that of the AcaTltbaee^e and Malpighiaccas. 
A large number, but not all the species, of certain 
genera, as of Oxalis and Viola, bear cleiatogamic as 
well as ordinary flowers. A second point which de- 
serves notice is that a consi<lerable proportion of the 
genera produce more or less irregular liowers ; this is 
the case with about 3^ out of the 55 genera, but to this 
subject 1 shall recur. 

1 formerly made many observations on eleistogamic 
flowers, but only a feiv of them are worth giving, since 
tlie appearance of an admirable paper by Hugo von 
Mohl,* whose examination was in some respects much 
more complete than mine. His paper includes also an 
interesting history of out knowledge on the subject. 

Viola canma .- — ‘The calyx of the eleistogamic dowel's 
differs in no respect from that of the perfect ones. The 
petals are reduced to five minute scales ; the lower one, 
w hich represents tJie lower lip, is considerably larger 
than the otliers, hut with no trace of the spur-like 
nectary ; its margins arc smooth, whilst those of the 
other four sealc-like petals are papillose. D. Miillcr of 
Upsiila says that in the specimens which he observed 
the petals were completely abort ed,t The stamens are 
very small, and only the tvvo lower ones are provided 
with anthers, which do not cohere together as in the 
perfect flowers. The anthers are minute, with the two 
cells or loculi remarkably distinct ; they contain very 
little pollen in comparison with those of tlie perfect 



♦ ^Eut. Zeitung,’ liJCS, p. 30^3^ 
t Ibid. ]?J57, p. 7i]0. ThU 



pflppT toiitEiins tl>0 first full ftBil 
fkatiftfactory ticcoiint of any L-ltititO" 
gtiuiic aowtr. 
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flowers. The connective expands into a membranous 
hood-like sldeld which projects above the anther-cells. 
These two lower stamens hnave no vestige of the curious 
appendages which secrete nectar in the perfect flowers. 
The three other stamens are destitute of anthers and 
have broader filamentsj with their terminal membran- 
ous expansions flatter or not so hood dike as those of 
the tw o antheriferons stamens. The pollen-grains have 
remarkably thin transparent coats ; when exposed to 
the air they shrivel up quickly ; when placed in w^ater 
they sw^ell, and are then of an inch in diameter, 
and therefore of smaller size than the ordinary pollen- 
grains similarly treated^ which have a diameter of 
of an inch. In the cleistogamio flowers, the 
pollen-gmins, as far as I could see, never naturally fall 
out of the anther-cel Isj but emit their tubes through a 
pore at the upper end, I was able to trace the tubes 
from the grains some way down the stigma. The pistil 
is very short, with the style hooked, so that its ex- 
tremity, which is a little enlarged or funnel -shaped 
and represents the stigma, is directed downwards, 
being covered by the tw'o menibranons expansions of 
theanthcriferoua stamens. It is remarkable that there 
is an open passage from the enlarged funtiel^sbaped 
extremity to w itliin the ovarium ; this was evident, as 
slight pressure caused a bubble of air, which had been 
drawn in l;.y some accident, to travel freely from one 
end to the other ; a similar passage was observed by 
Michalet in V. alha. The pistil therefore dillers con- 
siderably from that of the perfect flower ; for in the 
latter it is miieh longer, and straight wdth the excep- 
tion of the rectangularly bent stigma ; nor is it per- 
forated by an open passage. 

The ordinary or perfeet flowers have been said by 
some authors never to produee capsules ; but this is an 
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errorj though only a small proportion of them do so- 
This appears to depend in some eases on their anthers 
not containing even a trace of poUeTij hut more gene- 
rally on hees not visiting the flowers. I twice covered 
with a net a group of floT.veT3j and marked with threads 
twelve of them which Imd not as yet expanded. This 
precaution is necessary, for though as a general rule 
the perfect flowers appear considerably before the 
cleistogamic ones, yet occasionally some of the latter 
are produced early in the season, and their capsules 
might readily bo mistaken for those produced by the 
perfect flowers, Not one of the twelve marked perfect 
flowers yielded a capsule, whilst others under the net 
which had been artiflcially fertilised produced five 
capsnlos j and these contained exactly the same aver- 
age number of seeds iis some capsules from dowsers 
outside the net which had been fertilised by bees, I 
have repetitedly seen Bomhus hortorum, lapidariuSj and 
a third species, as well as hive-bees, sucking the 
flow'crs of this violet; I marked six which were thus 
visited, and four of them produced fine capsules ; the 
tw^o others were gnawed off bv some animal. I 
watched Bombiis /tortorum for some tiniej and when- 
ever it came to a flower which did not .stand in a con- 
venient iwsition to be sucked, it bit a hole through the 
spur-like nectary, Such ill-placed flowers would not 
yield any seed or leave descendants ; and the plants 
hearing them would thus tend to be eliminated tlirough 
natural selection. 

The seeds produced by the cleistogamic ai:td perfect 
flow'crs do not differ in appearance or number. On 
two occasions I fertilised several perfect flowers with 
pollen from other individuals, and afterwards marked 
some cleistogamic flowers on the same plants ; ainl the 
result was that Id capsules produced by the perfect 
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flowers contained on an average 9*S5 seeds; and 17 
ca]>gules from the cleistogamic ones contained 9*64 
seeds, — an amount of difierence of no significance. It 
is remarkable how muck more quickly tiio capsules 
from the cleistogamic llovvers are developed than those 
from the perfect ones ; for instance several perfect 
flowers V ere cross -fertilised on April llth, 1863, and a 
month afterwards (May 15th) eight young cleistogamic 
flowers were marked with threads ; and when the two 
sets of capsules thus produced were compared on 
June 3rd, there wjis scarcely any difference between 
them in size. 

Viola odorata (white-ffowered, single, cultivated va- 
riety). — The petals are represented hy mere scales as 
in the last species ; hnt differently from in the last, 
all five stamens are provided with diminutive anthers. 
Small bundles of pollen-tubes were traced from the 
five anthers into the somewhat distant stigma. The 
capsules produced by these llowcrs bury themselves in 
the soil, if it be loose enough, and there niature them- 
selves.* Lccoq says that it is only these latter cap* 
sules which possess elastic valves ; hut I think this 
must he a misprint, as such valves would obviously be 
of no use to the buned capsules, but would serve to 
scatter the seeds of the sub-aerial ones, as in the other 
species of Viola. It is remark able that this plant, ac- 
cording to Delpiiio,t does not produce cleistogamic 
ffowers in one part of higuria, whilst the perfect flowers 
arc there abundantly fertile ; on the other hand, 
cleistogamic flowers are produced by it near Turin. 
Another fact is worth giving as an instance of corre^- 

* Vaucherravsf^IIi^t. PhvB. des tcun. v. p- ISO. 

Plantea ^ rE u r- tom . i ii . 1 t * Siiir O pora . la Dial r i buiiOM 
T>, 3l»9 thit V. Idrfa and cuUiiia dei Sfr&ai nello Tiauty, Iso/, 
bury^ tlieir capsules. — p. SCi. 

Bco also L(Ocati> * Geogrupli. BqL' 
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lated development ; I fomifl on a pnT]ile variety j I 

after it had produced its perfect double fiowers, and } ' 

whilst the white single variety was bearing its eieisto- i ^ 

garni e flowers, many hud-like bodies which from their * 

position on tlie plant were certainly of a dcistogamie * 

nature. They consisted, as could be seen on bisecting * 

them, of a dense mass of minute scales closely folded * 

over one another, exactly like a cabbage-head in | 

miniature. I could not detect any stamens, and in the * 

place of the ovarium there was a little central column. ! 

The doubleness of the perfect flowers had thus spread ^ 

to the cleistogamic ones, which therefore were reu- * 

dered quite sterile. ^ 

Viola — The five stamens of tho cleistogamic ® 



flowers are provided, as in the last case, with small * 

anthers, from all of which pollen -tubes proceed to the < 

stigma. The petals are not quite so much reduced il 

as in V. canina, and the sliort pistil instead of being B 

hooked is merely l>ent into a rectuugle. Of several ■ 

perfect flowers which 1 saw visited by hive-and humble- i 

bees, six were marked, but they produced only two 41 

capsules, some of the others having been accidentally it 

injured, 3L I^lonnier was therefore mistaken m this ^ 

case as in that of V. od<yrataf in supposing that the i| 

]ierfect flowers always withered away and aborted. He ^ 

states that the pod uncles of the cleistogamic flow ers ^ 

curve do wui wards and bury the ovaries beneath the |( 

soil.* I may hero a<ld that Fritz Bfuller, as I hear ^ 

from his brother, has found in the highlands of South- 
ern llrazil a white-flowered species of violet wdiich ^ 

bears subterranean cleistogamic flowers. if| 



* Thcflo statf'Tnent^ nm tnkon 
from Pnftfigrtor Olivor'd excellent 
urtscle In Hist. Review,^ 

July lSC2,p. 2SS, With rcapect 



t(> the auppoaed slerility of the 
perfect in tiiJa 

also Tinibal-Ija^niva in ‘ 
Zcitiing,^ 185il, p: 772. 
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Viola !irr. Snott sent" me seeds of tliis Indian 

species from the Sikkim Terai, from which I raised 
many plants, and from those other seedlings during 
several successive generations* Tiiey produced an 
abundance of cleistogamic flowers during the whole of 
each summer, but never a perfect one* When Scott 
wrote to me his plants in Calcutta were behaving simi- 
larly j though his collector saw the species in flower in 
its native site. This ease is valuable as showing that 
we ought not to infer, as has sometimes been done, 
that a species does not bear perfect fl owners when grow- 
ing naturally, hecanse it produces only clcistogamic 
flowers under culture. The calyx of these flowers is 
sometimes formed of only three sepals ; two being 
actually suppressed and not merely coherent with tlie 
others ; this occurred with five out of thirty 11 owners 
which were examined for this piirpose. The petals are 
represented by extremely minute scales. Of the sta- 
mens, two bear anthers which are in the same state as 
in the previous species, but, as far as I eon Id judge, 
each of the two cells contained only from 20 to 25 de- 
licate transparent pollen -grains. These emitted their 
tubes in the usual manner. The three other stamens 
bore very minute rudimentary anthers, one of which 
w'as generally larger than the other two, but none of 
them contained any pollen. In one instance, however, 
a single cell of the larger rudimentary anther in- 
cluded a little pollen* The style consists of a short 
flattened tube, somewhat exj^uded at its upper end, 
and this forms an open channel leading into the 
ovarium, as described under Fi oanifui* It is slightly 
bent towards the two fertile anthers. 

Viola Eoxbur^himia.—Thi^ species bore in my hot- 
house during two years a multitude of cleistogamie 
flowers, w'hich resembled in all respects those of the 
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last species ; but no perfect ones were produced, Idr* 
Scott informs mo that in India it bears perfect flowers 
only during the cold season, and that these are quite 
fertile, During the hot, and more esj>ecially during 
the rainy season^ it bears an abundance of cleisto- 



ganiic llovvers. 

Jfany other species, besides the five now described, 
produce cleistogamic flowers ; this is the ease, accord- 
ing to J>. Muller, [Michalet, Yon Mohl, and Hermann 
Jliiller, ^yith V. elatm% lancifolia^ mjlvatlca^ 
mirahilis, hkohr, ionodiumf and hifl&ra. But V, trieokr 
does not produce them, 

Michalet asserts that F, palustris produces near 
Paris only perfect flowers, which, are quite fertile ; but 
that when the plant grows on mountains cleistogamic 
flowers are produced ; and so it is with F, hiflora. 
The same author states that he has seen in the case 
of V. alba flowers intermediate in structure between 
the perfect and cleistogamic ones. According to JL 
Bnisduval, an Italian species, F. Jlupjnif never bears 
in France “ des flenrs bien apparentes, ce qui ne Tern- 
peehe ]>as de fr uc tiller, 

It is interesting to observe the gradation in the 
abortion of the parts in the cleistogamic flowers of 
the several foregoing species* It appears from the 
statements by I) Muller and Yon Blohl that in F, m- 
ralilis the calyx does not remain quite closed j all five 



stamens are provided with anthers, and some pollen- 
grains probably fall out of the cells on the stigma, 
instead of protruding their tubes whilst still enclosed, 
as in the other species. In F, Mria all five sta- 
mens are likewise antheriferous ; the petals are not 
BO much reduced and the pistil not so much modified 
as m the following s])ecies. In F. ntma and elathr 
only two of the etamenB properly bear anthers, hut 
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sometimes one or even two of tlie others are thus pro- 
vided* Lastly, ill F, eanina never more than two of 
the stamensj as far aa I have seen, bear anthera ; the 
petals are much more reduced tlian in F* Mrta, and 
according to Jh Muller are sometimes quite absent, 
Ox^xlis acdosdla.^The existence of cleistogainie 
flowers on this plant was discovered hy Michalet.* 
They have been fully described hy Yon Mohl, and I 
can add hardly anything to hi a description* In my 
specimens the anthers of the flve longer stamens were 
nearly on a level with the stigmas ; ivhilst the smaller 
and less plainly hilobed anthers of the live shorter 
stamens stood considerabiy below the stigmas, so that 
their tubes had to travel some way upwards* Ac- 
cord ing“ to iiiichalet these latter anthers are some- 
times quite aborted* In one case the tubes, which 
ended in excessively fine points, were seen by m^ 
stretching upwards from the lower anthers towards 
the stigmas, which they had not as yet reached* Bly 
plants grew in pots, and long after the perfect flowers 
had withe ted they produced not only cloistogamic but 
a few minute open fl owners, which were in an inter- 
mediate condition between the two kinds. In one ol 
these the pollen-tnhes from the lower anthers had 
reached the stigmas, though the flower was open. 
The footstalks of the cleistogamic flowers are much 
shorter than those of the perfect flowers, and are so 
much bow'cd downwards that they tend, according to 
Yon Mohl, to bury themselves in the moss and dead 
leaves on the ground* Michalet also says that they 
are often hyiwgean. In order to ascertain the num- 
ber of seeds produced hy these fl owners, I marked eight 
of them ; two failed, one cast its seed abroad, and the 



* ' Bull Soe Bot. dc Frutvee*' tom. vh. 1860, p. 465. 
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remaining” five contained on an average 10^0 seeds 
per capsule. This is rather above the average 9' 2, 
which eleven capsules from perfect flowers fertilised 
with their own pollen yieldedj and considerably above 
the average 7*9, from the capsules of jierfect flowers 
fertilised with pollen from another plant ; but this 
latter result must, I think, have been accidental. 

Hildebrand, whilst searching various Herbaria, ob^ 
served that many other species of Oxalia besides 0, 
acetoBella produce cleistogamic flo>vers ;* and I hear 
from him that this is the case with the heterostyled 
trimorphic 0. incarnata from the Cape of Good Hope. 

Oi^alis {Bio'phyimiit) sen^dtiva , — This plant is ranked 
by many botanists as a distinct genus, but as a sub- 
genus by Bentham and Hooker. Many of the early 
flowers on a mid-sty led plant in my hot-house did not 
open properly, and were in an intermediate condition 
between cleistogamic and perfect. Their petals varied 
from a mere rudiment to about half their proper size ; 
nevertheless they produced capsules, I attributed 
their state to unfavourable conditions, for later in the 
season fully expanded flowers of the proper size ap- 
peared, But BIr. Thwaites afterwards sent me from 
Ceylon a number of long-sty led, mid -sty led, and short- 
styled flower-stalks preserved in spirits ; and on the 
same stalks with the perfect flowers, some of which were 
tully expanded and others still in hud, there were 
small bud-like bodies containing mature pollen, but 
with their calyces closed. These cleistogamic flowers 
do not di filer much in structure from the jjerfect ones 
ol the corresponding form, with the exception that 
their petals are reduced to extremely minute, barely 
visible scales, which adhere firmly to the rounded 
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bases of tfie shorter stomeiis, Their stigmas are muck 
less papillose, ami smaller in about the ratio of 13 to 
20 divisions of the micrometer, as measured trans- 
versely from apex to apex, than the stigmas of the 
perfect dowers. The styles are furrowed longitiidinallv, 
and are clothed with simple as well as glandular hairs, 
but only in the eleistogamic flowers produced hy the 
long-styled and mid-styled forms. The anthers of the 
longer stamens are a little smaller than the correspond- 
ing ones of the perfect flowers, in about the ratio of 
11 to Id, They dehisce properly, but do not appear 
to contain much pollen. Jlany pollen -grains were 
attached hy short tubes to the stigmas; but many 
others, still adhering to tho anthers, had emitted 
their tubes to a considerable length, without having 
come in contact with the stigmas* Living plants 
ought to be examined, as the stigmas, at least of the 
long-styled form, project beyond the calyx, and if 
visited by insects (which, however, is very improbable) 
might be fertilised with pollen from a perfect flower. 
The most singular kict about the present species is 
that long-styled eleistogamic flowers are produced by 
the long-styled plants, and mid -sty led as well as 
short-atvied cleistoiramie floiivers by tho other two 
forms ; so that there are three kinds of eleistogamic 
and three kinds of perfect flowers produced by this 
one sp(!cies! Most of the heterostyled species of 
Oxalis are more or less sterile, many absolutely so, if 
illegitimately fertilised wuth their own-fonu pollen. 
It is therefore probable that the pollen of the eleisto- 
gamic flowers has been modified in power, so as to act 
on their own stigmas, for they yield an abiindance of 
seeds. We may ].>erhaps account for the eleistogamic 
flowers consisting of the three forms, through the prin- 
cijde of correlated growth, by which the eleistogamic 
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flowers of tlio double violet have been rendered 
doviblo. 



Vanddlia mimmuktrifoluL — Dr. Kuhn has collected* 
all the notices with respect to cleistogamic flowers in 
this genus, and has described from dried specimens 
those produced by an Abyssinian species, Mr. Scott 
sent me from Calcutta seeds of the above coinmon 
Indian weed, from which many plants were success- 
ively raised during several years. The cleistogamic 
flowers are l ery small, being when fully mature under 

of an inch (1 *27 mm,) in length. The calyx does 
not open, and within it the delicate transparent corolla 
remains closely folded over the ovarium. There are 
only two anthers instead of the normal number of four, 

■r* ' 

and their filaments adhere to the corolla, Tfie cells of 
the anthers diverge imich at their lower ends and au3 
only of an inch ("181 mm,) in their longer diameter. 
They contain but few' pollen-grains, and these emit 
their tubes whilst still within the anther. The pistil 
is very short, and is surmounted by a lulobcd stigma. 
As the ovary grows the two anthers together with the 
shrivelled corolla, all attached by the dried pollen- 
tubes to the stigma, are torn ofl' and carried upwards 
in the shape of a little cap. The perfect flowers gene- 
rally apjiear before the cleistogamic, hut aometiines 
simultaneously with them. During one season a large 
number of plants produced no perfect flow'ers. It has 
been asserted that the latter never yield capsules; but 
this is a mistake, as they do so even when insects are 
excluded. Fifteen capsules from cleistogamic flowers 
on plants growing under favourable conditions con- 
tained on an average 01:*2 seeds, with a maximum ot 
8/ ; whilst 20 capsules from plants growing much 



* ‘ Bot, mi, p, 65. 
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crowded yielded an average of onljr 48, Sixteen cap- 
sules from jjerfect flowers artificially crossed with pollen 
from anotlmr plant contained on an average 98 seeds, 
with a maximum of 187, Thirteen capsules from self- 
fertilised i>erfect fiowers gave an average of 62 seeds, 
with a maximum of 18o, Therefore the capsules from 
the cleistogamic flowers contained fewer seeds than 
those from perfect flowers when cross-fertilised, and 
sliglitiy more than those from perfect flowers self- 
fertilised. 

I)n Kuhn believes that the Abyssinian K sesnjlora 
does not differ specifically Ifom the foregoing species. 
But its cleistogamic flowers apparontiy include four 
anthers instead of two as above dc scribed, d’he plants, 
moreoverj of F. sessijiora produce subterranean runners 
which yield capsules ; and I never saw a trace of such 
runners in V. nmnmidarifoUaf although many plants 
were cultivated. 

Llnaria — Michalet says* that short, thin, 

twisted branches are developed from the buds in the 
axils of the lower leaves, and that these bury them- 
selves in the ground. They there produce flowers 
not offering any peculiarity in stnictiirej excepting 
that their corollas, though properly coloured, are de- 
formed. These flowers may perhaps be ranked as 
cleistogamic, as they are developed, and not merely 
drawn, beneath the ground, 

Onoim — Plants w^ere raised from seeds sent 

me from Xorthern Italy, The sepals of the cletsto- 
gamic lioivers are elongated and closely pressed to- 
gether ; the petals arc much reduced in si5?e, colour- 
less, and folded over the interior organs. The fila- 
ments of the ten stamens are united into a tube, and 
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this is not tho caaej according to Yon 3Tohl^ with the 
oleistogamio flowers of other LeguminosEE, Five of 
the stamens are destitute of anthers, and alternate with 
the five thus providcfh Tlie two cells of the anthers 
are minute, rounded and separated from one another 
by connective tissue ; they contain but few pollen- 
grains, and these have extremely delicate coats. Tlie 
pistil is hook-shaped, wdth a plainly enlarged stigma, 
which is curled down, towards the anthers; it there- 
fore difi'ers much from that of the perfect flower. 
During the year 1867 no perfect flowers were pro- 
duced, but in the following year there were both 
perfect and cleistogamic ones. 

Ononis mintUimma. — My plants produced both per- 
fect and cleistoganiLc flowers ; but I did not examine 
tho latter. 8ome of the former were crossed with 
pollen from a distinct plant, and six capsules thus ob- 
tained yielded on an average 3"6C seeds, with a maxi- 
nmm of 5 in one. Twelve perfect flowers w'ere marked 
and allowed to fertilise themselves spontaneously under 
a net, and they yielded eight capsules, containing on 
an average 2 38 seeds, with a maximum of 3 in one. 
Fifty -three capsules produced by the cleistogamic 
flowers contained on an average 4'1 seeds, so that 
these were the most productive of all ; and the seeds 
themselves looked finer even than those from the 
crossed j>erfect flowers. According to Mr. Bentham 
0. parmjiora likewise hears cleistogamic flowers ; and 
he informs mo that these flowers are produced by all 
three species early in tho spring ; whilst the perfect 
ones appear afterwards, and therefore in a reversed 
order compared with those of Viola and 0 sal is, tsome 
of the species, for instance Ononh bear a 

fresh crop of cleistogamic flowers in the autnmn, 

Lathyrus ntssolkt apparently oflers a case of tho first 
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stage in tho production of cleiatogamic flowers, for on 
planta growing in a state of nature, many of the flowers 
never expand and yet produce fine pods. Some of 
the buds are so large that they seem on the point of 
expansion ■ others are much smaller, but none so small 
as the true cleistogamic flowers of the foregoing 
species. As 1 marked these buds with thread and 
examined them daily, there could be no mistake about 
their protlnclng fruit without liaving expanded, 

Several other I.rCguminous genera produce cleisto- 
gamic flowers, as may be seen in the previous list ; but 
much does not appear to be known about them* Yon 
Mobl says that their petals are commonly rudimentary, 
that only a few of their anthers are developed, their 
filaments are not united into a tube and their pistils 
are hook -shaped. In three of the genera, namely Vicia, 
Amphicarpaia, and Voaudzeia, the cleistugamic flowers 
are produced on subterranean stems. The perfect 
flowers of \ oandzeia, which is a cultivated plant, are 
said never to produce fruit ; * but wo should remember 
how often fertility is affected by cultivation* 

Impatiens yk/yot.— Mr. A, W. Bennett has published 
an excellent description, with figures, of this pJant^t 
He shows that the cleiatogamic and perfect flowers 
difler in structure at a very early period of growth, so 
that the existence of the former cannot be due merely 
to the arrested development of the latter,— a conclusion 
which indeed follows from most of the previous de- 
scriptions, Mr. Bennett found on the banks of the Y ey 
that the jdaiits which bore cleistogaiuic flowers alone 
were to those bearing perfect flowers as 20 to 1 ^ but 



• Correa fie Mellf> (‘ Joumnl Afrioun plant, which in tioractini^ 
Linn. Soe, Bot.^ vo). ii. 1870, p. cumirwtoJ hi Bmzii. 

254 ) paitkiiilmly Attencltsil to the t ^ 
flowciing and of tliia xiii. 1872, p. 147, 
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we should remember that this is a naturalised species. 
The perfect flowers are usually barren In England ; but 
Prof. Asa Gray writes to me that after midsummer in 
the United States some or many of them produce 
capsules. 

ImjMtieiiS n^Ii-7m-ianffere , — I can add nothing of im- 
portance to Von J\lohrs description, excepting that 
one of the nidimentary petals shows a vestige of a 
nectarv, as Mr. Bennett likewise found to be the cas30 
with I. fidva. As in this latter species all live stamens 
produce some pollen, though small in amount ; a 
single anther contains, according to Yon Mohl, not 
more than 50 grains, and these emit their tubes 
while still enclosed wuthin it, The pollen-grains of the 
perfect flowers are tied together by threads, but not, 
so as far as I could see, those of the eleistogamic 
flowers ; and a provision of this kind would here have 
been useless, as the grains can never be transported 
bv insects, The flowers of Z hahamina are visited bv 

0 V 

humble-bees,* and I am almost sure that this is the 
case with the perfect flowers of L noli-nie-tangere. From 
the perfect flowers of this latter species covered with 
a net eleven spontaneously self-fertilised capsules w'ere 
produced, and these yielded on an average 3*45 seeds* 
Some perfect flowers with their anthers still containing 
an abundance of pollen Avere fertilised with pollen from 
a distinct plant ; and the three capsules thus produced 
(!ontaincd, to my surprise, only 2, 2, and 1 seed. As 
I. hahamina is proterandrous, so probably is the pre“ 
sent species; and if so, cross -fertilisation was efl'ected 
by me at too early a period, and this may account for 
the capsules yielding m few seeds. 

Droaera Totundi/olut. — The first flower-stems which 
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were thrown up by some plants in niy precn-lioiisc 
Ixjre only cleistogamic flowers* The peUh of small 
si^fie remained i>ermanently elosed over the repro- 
ductive orgjins, but their white tijm ermid just Ite 
seen between the almost completely closed 60|>al8< 
The pollen, which wus scanty in amount, but not so 
scanty as in Viola or Oxulis, renminc'd ench>s<xl 
within the anthers, whence the tubes jirocce^led and 
penetrated the stigma. As the ovarium swelled the 
little withered corolla was carried upwards in the 
form of a cap. These deist ogam ie flowers produced 
an abundance of seed, Jjuter in the season perfect 
llow'ers apiK^ared. With jdants in a state of nature the 
flowers open only in the early morning, as 1 have been 
informed by Mr. Wallis, who particular] y attended to 
tlie time of their flowering. In the case of D. An^lim^ 
the still folded petals on some plants in my green- 
house opened just sufRciently to leave a minute 
aperture ; tlie anthers dehisced ]iroperly, but the 
pollen-grains adhered in a mass to them, and thence 
emitted their tubes, W'hich penetrated the stigmas. 
These flowers, therefore, were in an intermediate con- 
dition, and could not be called either jjerfect or 
cleistogamic. 

A few miscellaneous observations may Vx* addeil 
with respect to some other sjieciea, as throwing light 
on our subject. Mr. Scott states* that Eninihemftm 
ayiibiff^uum bears three kinds of flowers, — largo, con- 
Hjpicuous, open ones, which aro quite sterile— <jt hers 
of intermediate size, which are open aiul moderately 
fertile — and lastly small closed or cleistogamic ones 
which are jjcrfectly fertile. MueUia tuherosa, likewise 
one of the Aciinthacete, produces both open and cleis- 



* ‘Journal of Butany/ new eL-rlGs, voL L 1S72, pp. l€I-4- 



3^0 



CI.EISTOGAMIC FLOWERS. 



Chap. \ lit. 



togamic flowers; the latter yield from 18 to 21, whilst 
tlie former onlv from 8 to 10 seeds ; these two kinds of 
fl()werg are produced simiil tan eons ly, whereas in several 
other members of the faiaiiv the cleistogamio ones 
appear only during the liot season. According to 
Torrey and Gray, the l*rorth AmerLcan species of He- 
lianthemiim, when growing in poor soil^ produce only 
cleistogamic flowers. The cleistogamic flowers of 
Specularia ]m\foUata ate highly remarkahlej as they 
are closed by a tympanum formed by the rudimen- 
tary corolla, and without any trace of an opening. 
The stamens vary from 3 to 5 in number, as do 
tlie sepals.* The collecting hairs on the pistil, ivhich 
play so important a part in the fertilisation of the 
perfect flowers are here quite absent. Sir J. Hooker 
and Dr. Thomson state t that some of the Indian 
species of Campanula produee two kinds of flowers; 
the smaller ones being borne on longer peduncles 
with diftcrently formed sepals, and producing a more 
globose ovary. The flowers are closed by a tympamim 
like that in Spcciilaria. Some of the plants produce 
both kinds of flowers, others only one kind ; hoth yield 
an abundance of seeds. Professor Oliver adds that he 
has seen flowers on Campanula coloraia in an intermedi- 
ate condition between cleistogamie and perfect ones. 

The Sfflitary almost sessile cleistogamic flowers pro- 
duced by Moiiochoria are difl'erently protected 

from those in any of tlm previous cases, namely within 
short sack formed of the membranous spathe, with- 
out any opening or fissure/^ There is only a single 



* Voa Moll], ' Rot, XoUung,' 
pp. S14 ftnd 323. Dr. Rroih- 
field vol. iii. p, 
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fertile stamen ; the style is almost obsolete, with the 
three stigmatic surfaces direeted to one side* Buth 
the perfect and cleistogamie floAvers produce seeds-* 

The cleistogamie flowers on some of the Mal- 
pighiaceee seem to he more profoundly modified than 
those in any of the foregoing genera* According to 
A* do Jussieut they are differently situated from the 
perfect flowers; tliey contain only a single stamen, 
instead of 0 or 6 ; and it is a strange lat:t that this 
particular stamen is not developed in the perfect 
liowers of tlto sftme species* The style is absent or 
rudimentary ; and there are only two ovaries instead 
of three* Tims these degraded flowers, as Jussieu 
remarks, “ laugh at our classifications, for the greater 
number of the characters proper to the species, to the 
genus, to the family, to the class disappear/’ The 
calyces of the perfect fioA\ ers are studded with glands, 
and their absence on the cleistogamie flowers may 
probably be explained hy an observation of Fritis 
Muller, who informs me that in the one species, 
Bwtehoi^ia GaudichaudianUf the fertilisation of which 
he has often witnessed, the perfect flowers are regu- 
larly visited by bees belonging to the genera Tetra- 
pedia and Epicharis, These hees sit down on the 
liowers, gnawing the glands on the outside of the 
calyx, and in doing so the under sides of their bodies 
are dusted with pollen, by which afterwards other 
flowers are fertilised. Such visits to the cleistogamie 
flowers Avoiikl bo useless* 

As the Asclepiadous genus Stapelia is said to pro- 
duce cleistogamie flow^ers, the folloAving case may he 
w orth giving. I have never heard of the perfect flowers 
of Hoy Of caryiosa setting seeds in this country, but some 

* Dr. Kirk, * Journ. Llnu. Soc/ 
vol. viit p. 147. 
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capsules were produced in Mr, Farrer’s hot-honse ; 
and the gardener detected that they were the product 
of minute bnd=like bodieSj three or four of which 
could sometimes he found on the same umbrd with the 
perfect flowers. They w’^ere tj[uite closed and hardly 
thicker than their peduncles* The sepals presented 
nothing parti cuiarj but internally and alternating 
with them, there were five small flattened heart-shaped 
papillsG, like rudiments of petals; but the homological 
nature of which appeared doubtful to Mr. Bent ham 
and Dr, Hooker. Xo trace of anthers or of stamens 
ooultl bo detected ; and I knew from having examined 
many cieistogamic flowers what to look for. There 
w^ere two ovaries, full of ovules, quite open at their 
upper ends, with their edges festooned, but with no 
trace of a proper stigma. In all these flowers one of 
the two ovaries withered and blackened long before 
the other. The one perfect capsule, inches in 
length which >vas sent me, had likewise been de- 
veloped from a single carpel. This capsule con- 
tained an abundance of plumose seeds, many of which 
appeared quite sound, but they did not germinate 
when sown at Kew. Tlieiefoie the little bud-like 
flower svhich produced this capsule probably was as 
destitute of pollen as w^ere those which 1 examined* 
wTuuGm hufonius and Hordemti , — All the species 
Intherto ' mentioned which produce cieistogamic 
flowers are entt)mophilous ; but Juncus and seven 
genera of Gramlneae are anemophilous. Jmem 
httfontus is remarkable* by bearing in parts of Eussia 
only cieistogamic flowers, which contain three instead 
of the six anthers found in the perfect flowers. In the 



* Seo Dr. Ascherson^a inkiejjtmg paper m ‘Bot. Zeituagf tS7l, 
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genus ITordeum it lias been sliovvn by Delpino* that 
tlie majority of tlie flowei^ are cleistogamic, some of 
the others oxpiinding and apparently allowing of 
cross-fertilisation, I hear from Fritz IVliiller that 
there is a grass in Southern Brazil, in which the 
sheath of the uppermost leaf half a metre in length, 
envelopes the whole panicle; and this sheath never 
opens until the self-fertilised seeds are ripe. On the 
roadside some plants had been cut down, whilst the 
cleistoganiic panicles were developing, and these 
plants afterwards produced free or unenclosed panicles 
of small size, bearing perfect flowers. 

Leersia orjjzoides, — It has long been known that 
this plant produces deist ogam ic flowers, but these were 
first described with care by M. Duval-Jouve.t I pro- 
cured plants from a stream near Eeigate, and cultivated 
them for several years in my green-honse. 1 he cleis- 
togamic flowers are very small, and usual ly mature 
their seeds within the sheaths of the leaves. These 
flowers are said bv Duvai-Jouve to he filled bv slightly 
viscid fluid; but this was not the case with several 
that I opened ; but there was a thin film of fluid 
between the coats of the glumes, and when these Tvere 
pressed the fluid moved about, giving a singulfirly 
deceptive appearance of the whole inside of the flower 
being thus filled. The stigma is very small and the 
filaments extremely short ; tlie anthers are less than 
of an inch in length, or about one-third of the 
length of those in the perfect flowers. One of the 
three anthers dehisces before the two others. Can 
this have any relation with the fact that in some other 

* ' BoUtlttiii del CoTDkio a^ra- on Hordfiuin, in * Monrttisjeriohy d. 
rio Parmersfi/ Msjr^n 0 ApriJe, li. AkmJ. Rcrlin, Oct. 18^2, p. /tiO, 
1871 . AanLalract Ot tilia valuable f ^ iiul]. BoL Sec, do irante. 
paper is givtiu in * Hot. Zeitung,*^ tom. I8b3, p. 194. 

1871, p. 537. t50C ftlfto Hildebrand 
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species of Leersia only two stamens are fully de- 
veloped?* The anliiers shed their pollen on the 
stigma ; at least in one instance this was clearly the 
casCj and by tearing open the anthers under water 
the grains were easily detached. Towards the apex of 
the anther the grains are arranged in a single row and 
low'er down in two or three rows, so that they could be 
counted ; and there were about 35 in each cell, or 70 
in the whole anther ; and this is an astonishingly small 
numher for an anemophilous plant The grains have 
very delicate coats, are gpiierical and about of 

an inch (’0181 mm,), whilst those of the perfect fiowers 
are about of an inch (■0254 mm.) in diameter. 

M, Duval- Joiive states that tho panicles very rarely 
protude from their sheaths, but that wlien this does 
happen the flowers expand and exhibit well-developed 
ovaries and stigmas, together with full-sized anthers 
containing apparently sound pollen ; nevertheless such 
flowers are invariably quite sterile, Schreiber bad pre- 
viously observed that if a panicle is only half protruded, 
this half is sterile, whilst the still included half is 
fertile. Some plants which grew in a large tub of 



water in my green -lionse behaved on one occasion in “ 

a very different manner. They protruded two very ^ 

large much-branched pauicles; but the florets never 
opened, though theso included fully developed stig- tl 

mas and stamens supported on long fllaments with si 

large anthers that dehisced properly. If these florets 
had opened for a short time unperceived by me and 4 

It ad then closed again, the empty anthers would ^ 

have been loft dangling ontsido, Nevertheless they 'i 

yielded on August 17th an abundance of fine ripe u« 

seeds. Here then we have a near approach to the 
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single case jis yet known* of this grass producing in 
a state ol^ nature (in Germany) i>erfect flowers whidi 
yielded a copious supply of fruit. Seeds from the 
cleistogamic flowers were sent l>y me to Mr. Scott 
in Calcutta, who there cultivated the plants in various 
ways, but they never produced perfect flowers. 

lu Europe Leersia orifzoides is the sole representa- 
tive of its genus, and Diival-Jouve, after examining 
several exotic species, found that it apparently is the 
sole one vvhich bears cleistogamic flowers. It ranges 
trom iersia to Xorth America, and specimens from 
Peuusylvania resembled the European ones in their 
concealed manner of fructification. There can there- 
tore be little doubt that this plant generally propa- 
gates itself throughout an immense area by cloisto- 
gamic seeds, and that it can hardly ever be invigorated 
by cross-fertilisation. It resembles in this respect 
those plants which are now' widely spread thon^^li they 
increase solely by a sexual generation. f 
Coneludm^ remarks on Cleistogamic Flow&rs . — lliat 
these flowers owe their structure primarily to the 
arrested development of perfect ones, we may infer 
from such cases txs that of the lower rudimeutary petal 
in Yiola being larger than the others, like the lower 
lip of the perfect flower, — from a vestige of a spur in 
the cleistogamic flowers of Impatiens, — from the ten 
stamens of Ononis being united into a tube,— and 
other such structures. The same inference may he 
drawn from the occurrence, in some instances, on the 
same plant of a series of gradations between the 
cleistogamic and jierfect flowers. But that the former 
owe their origin wholly to arrested development is 



* Dr. AJiclJeraoIl,‘B^^tZt^ittl]lg,’ raflen in my ‘ Variation under 

1S(34, p. 350. Dujjietitjcatinf]^^ cL. xviii. — 2ini 

t I collected several auch edit voK ii jt. 
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by no means the case; for Tarioiis parts have been 
specially inodificdj so as to aid in the self-fertilisation 
of the llovvcTs, and as a protection to the jjollen ; for 
instance^ the hoot-ahaped pistil in Yiola and in some 
other geueraj by which the stigma is hremght close 
to the fertile anthers,— the rndiraentary corolla of 
^}>eculiiria modified into a peifeetly closed tympanimi, 
and the sheath of j^Fonochoria modified into a closed 
sack, — the excessively thin coats of the pollen-grains, 
— the anthers not being all equally aborted, and other 
such cases. Jloreover Mr. Bennett has shown that 
the bnds of the cleistogamic and perfect flowers of 
Impatiens differ at a very early period of growth. 

The degree to which many of the most important 
organs in these degraded flowers have been reduced 
or even wholly obliterated, is one of their most re- 
markable peculiaritieSj reminding us of many parasitic 
animals. In some cases only a single anther is left, 
and this contains hut few pollen-grains of diminished 
size ; in other cases the stigma has disappeared 
leaving a simple open £>assage into the ovarium. It 
is also interesting to note the complete loss of trifling 
points in the structure or functions of certain parts, 
vhich though of service to the perfect flowers, are of 
none to the cleistogamic ; for instance the collecting 
hairs on the pistil of Spccularia, the glands on the 
calyx of the Ma]j:fighiacese, the nectar-secreting ap- 
pendages to the lower stamens of Yiola, the secretion 
of nectar by other ]jarts, the emission of a sweet odour, 
and apparently the elasticity of the valves in the 
buried capsules of Violo odorata. We here see, as 
throughout nature, that as soon as any part or 
character becomes superfluous it tends sooner or later 
to disappear. 

Another peculiarity in these flowers is that the 
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pollen-^^raius generally emit their tubes whilst still 
enclosed within tlie anthers; but this is not so re- 
markable a fact as was formerly thought, when the 
case of Aaclcpias was alone known.* It is, however 
a wonderful sight to behold the tubes directing them- 
selves in a straight line to the stigma, when this 
is at some little distance from the anthers. As 
soon as they roach the stigma or the open passage 
leading into the ovarium, no doubt they penetrate it, 
guided by tlie same means, whatever tiiese may be, 
as in the case of ordinary flowers, I thought that 
they might be guided by the avoidance of light : some 
polleU’g rains of a willow were therefore immersed in 
an extremely weak solution of honey, and the vessel 
was placed bo that the light entered only in one 
direction, laterally or from below' or from above, but 
the long tubes were in each case protruded in every 
possible direction. 

As cleistogamic flow-ers are completely closed thev 
are necessarily self-fertilised, not to mention the 
absence of any attraction to insects : and they thus 
difler widely from tiie great majority of ordinary 
flowers* Dol]3ino belie vest i^hat cleistogamic flowers 
have been developed in order to ensure the production 
of seeds under climatic or other conditions which tend 



* AactlejjtiB waa de- 

BCJ’jbc'd by Rh Rrowii. Bwilloll ftS- 
BertB (^Alllmb!fmiu,’ tom. ii. 1862, 
p. 58) that with mutiy planta tho 
tubfjs Urro emitted fj'oni polh'n- 
J»iV6 not exsmo into 
contact with the atigioa; and iiiat 
tlifiy may be seen horU 

iontally tlinougli tbo tiir towards 
tbe I hfive obsi-rved tlie 

embsuiou of the tubes from tlio 



poUeu-masaes whiUt stiU within 
tlie anthers, m three widely diutiuet 
Orehidi.'an ^jenera, uaioely A<5eres, 
MnliixiB, and Neottia: soe *The 
VurioUB Cod tri van CCS by which 
Oreliids arc FurtUised,* 2nd edit, 
p. 253. 

t ‘ Siiir Opem la Distribnaione 
dei Sensi nelle Piojite/ 1367, 
p. 30. 
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to pre^’^eiit the fertilisation of the perfect flowcrg. I do 
not doubt that this holds good to a certain limited e:itent, 
hut the production of a large supply of seeds with little 
consumption of nutrient matter or expendituTe of yital 
force is probably a far more efficient motive power. 
The whole flower is much reduced in size : but what 
is much more important, an extremely small quantity 
of pollen has to be formed^ as none is lost through the 
action of insects or the weather ; and pollen contains 
much nitrogen and phosphorus* Von Mohl estimated 
that a single cleistogamic anther-ecll of Oxalis a-^eto- 
sella contained from one to two dozen pollen -grains ; 
we >vill say 20^ and if so the whole flower can have 
produced at most 400 grains; with Impatieris the 
whole number may he estimated in the same nmnner 
at 25U ; with Jjeersia at 210 ; and with Viola nana 
at only 100* These figures are wonderfully low com- 
pared with the 24 3 j 600 jjollen- grains produced by a 
flower of Leontodon, the 4,863 by an Hibiscus, or the 
3,654,000 by a Pteony.* We thus see that cleisto- 
gamie flowers produce seeds with a wonderfully small 
expenditure of pollen ; and they produce as a general 
rule quite as many seeds as the perfect flo\vers, 

lhat the production of a large number of seeds is 
necessary or beneficial to many plants needs no evi- 
dence* So of course is their preservation before they 
are ready for germination ; and it is one of the many 
remarkable peculiarities of the plants which bear 
cleistogamie dowers, that an incomparably larger pro- 
portion of them than of ordinary plants bury their 
young ovaries in the ground ; — -an action which it 
may be presumed serves to protect them from being 
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devoured liy birds or otker enemies. But this advan - 
tage is accompanied by tho loss of the power of wide 
dissemination. No less than eight of the genera 
in the list at the beginning of this chapter include 
species which act in this manner, namely, several 
kinds of ^'iola^ Oxalis^ Vandellia^ Linaria, Commelina, 
and at least three genera of Legmninoafe. The seeds 
also of Leersia, though not buried^ are concealed in 
the most perfect manner within the sheaths of the 
leaves. Cleistogamic flowers possess great facilities 
for burying their young ovaries or capsules, owing to 
their small size, pointed shape, closed condition and 
the absence of a corolla ; and we can thus ui\der stand 
how it is that so many of them have acquired this 
curious habit. 

It has already been shown that in alx>ut 33 out of 
the 67 genera in the list just referred to, the perfect 
flowers are irregular ; and this implies that they have 
been specially adapted for fertilisation by insects. 
Moreover throe of the genera with regular flowers are 
adapted by other means for the same end. Flowers 
thus constructed are liable during certain seasons to 
be imperfectly fertilised, namely, when the proper 
insects are scarce ; and it is diflicult to avoid the 
belief that the production of cleistogamic flowers, 
which ensures under all circumstances a full supply 
of seed, has been in part determined by the perfect 
flowers being liable to fail in their fertilisation. But 
if this determining cause be a real one, it must be of 
subordinate importance, as eight of the genera in the 
list are fertilised by the wind ; and there seems no 
reason whv their perfect flowers should fail to be 
fertilised more frequently than those in any other 
anemopbilous genus. In contrast with what we here 
see with res])cct to the large projiortioii of the perfect 
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flowers being irregulatj one genua alone out of the 158 
lieteiostyled genera described in the preyions chajjtera 
bears sueli flowers ; yet all these genera are absolutely 
dependent on insects for their legitimate fertilisation. 
I know not how to account fur this dilferenco in the 
proportion of the plants bearing regular and irregular 
flowers in the two classes, unless it be that the heteio- 
stylcd flowers are already so well adapted for cross- 
fertilisation, through tho^ position of their stamens 
and pistils and the differenee in power of their tivo or 
three kinds of pollen, that any additional adaptation, 
namely, through the flowers being made irregular, 
has heeu rendered superfluous. 

Although cleistogamio flo\vers never fail to yield 
a large number of seeds, yet the plants bearing them 
usually produce perfect flowers, either simultaneously 
or more commonly at a different period ; and these 
arc adapted for or admit of cross-fertilisation. From 
the cages given of the two Indian species of Viola, 
Avhich produced in this country during several years 
only eleistogamic flow'crs, and of the numerous plants 
of Vandcllia and of some plants of Ononis which 
behaved during one whole season in the same manner, 
it appears rash to infer from such cases as that of 
Salvia cleistogama not having produced perfect flowers 
during five years in Germany,* and of an Aspicarpa 
not having done so during several years in Paris, that 
these plants would not bear perfect flowers in their 
native homes. Yon Mohl and several other botanists 
have repeatedly insisted that as a general rule the 
perfect flowers produced by eleistogamic plants are 
sterile ; but it has been shown under the head of the 
several species that this is not the case* The perfect 
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flowers of Yiola are indeed sterile unless they are 
visited by bees; but when thus visited they yield the 
full uiimber ol seeds, As far as I have been able to 
discover there is only one absolute exeex^tion to the 
rule that the perfect flowers are fertile, namely, that 
of \ oandzeia ; and in tins case we should remember 
that cultivation often aflects injuriously the repro- 
ductiv'e origans. Althoiij^h the perfect flowers of 
Leersia sometimes yield seeds, yet this occurs so 
rarely, as far as hitherto observed, that it practically 
forms a second exeex^tion to the rule. 

As cleistogamic flow^ers are invariably fertilised, and 
as they are produced in large numbers, they yield 
altogether a much larger supply of seeds than do 
the perfect flowers on the same plant. But the latter 
flowers will occasionally be cross ‘-fertilised, and their 
offspring will thug be invigorated, as we may infer 
from a wide-spread analogy* But of such invigoration 
I have only a small amount of direct evidence : two 
crossed seedlings of Onoma minutiamna were j>ut into 
competition with tw^o seedlings raised from cleigto- 
gamic flowers ; they were at first all of equal height ; 
the crossed were then slightly beaten ; but on the fol- 
lowing year they showed the usual superiority of their 
class, and w'ere to the self- fertilised jdants of cleisto- 
gamic origin as 100 to 88 in mean height. With 
Vandoliia twenty crossed plants exceeded in height 
twenty plants raised from cleistogamic seeds only by 
a little, namely, in the ratio of 100 to 94. 

It is a natural inquiry how so many plants belong- 
ing to various very distinct families first came to have 
the develoi>ment of their flowers arrested, so as ulti- 
mately to become cleistogamic. Tliat a passage from 
the Olio state to the other is far from difficult is shown 
by the many recorded cases of gradations between the 
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t^vo states on the same plant, in Viola, Osalig, Biophv- 
tnm, Cara pan ula, In the scveial species of Viola 

the various parts of the flowers have also been modified 
in very different degrees. Those plants which in their 
owTi country produce flowers of full or nearly full sisse, 
but never exjjand (as with Thelymitra), and yet set 
fruit, might easily be rendered cleistogamic. iMthyms 
nimolia seems to he in an incipient transitional state, 
as does Bro^era Anglica, the flowers of which are not 
perfectly closed. There is good evidence that flowers 
sometimes fail to expand and are somewhat reducecl 
in size, owing to exposure to unfavourable conditions, 
but still retain their fertility unimpaired. Linn se us 
observed in 1753 that the flowers on several plants 
brought from Spain and grown at L^psala did not 
show' any corolla and yet produced seeds* Asa 
Gray has seen flowers on exotic plants in the North- 
ern United States which never expanded and yet 
fruited* ^Vith certain English plants, which bear 
flowers during nearly the wfliole year, Mr. Bennett 
found that those produced during the winter season 
were fertilised in the bud ; whilst with other species 
having fixed tiraea for flowering, but "'which had 
been tempted by a mild January to put forth a few 
wretched fl owners,” no pollen ^vas discharged from the 
anthers, and no seed was formed. The flowers of 
Lysimachut milgaris if fully exposed to the sun expand 
properly, while those growing in shady ditches have 
Bmaller corollas which open only slightly ; and these 
two forms graduate into one another in intermediate 
stations. Llerr Bouche’s observations are of especial 
interest, for he shows that both temperature and the 
amount of light affect the size of the corolla ■ and he 
gives measurements proving that with some plants 
the corolla is diminished by the increasing cold and 
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darkness of tke clmnglng season, wliilat with others 
it is diminished by the increasing heat and light.* 

1 ho belief that the first stop towards flowers being 
rendered cleistogamie was due to the conditions to 
which they were exposed, is supported hy the fact 
of various plants belonging to this class either not pro- 
ducing their cleistogamie fl owners under certain condi- 
tions, or, on the other baud, producing them to the 
complete exolnsion of the perfect ones. Thus some 
species of Yiohi do not hear cleistogamie fiow^eis when 
growing on the lowlands or in certain districts. Other 
plants when cultivated have failed to produce perfect 
flowers during several successive years; and this is 
the case with Junmn hufonim in its native land of 
Russia. Cleistogamie flowers are produced by some 
species late and by others early in the season ; and this 
agrees with the view^ that the first step towards their de- 
velopment was dne to climate ; though the periods at 
\vhich the two sorts of flowers now appear must since 
have become much more distinctly defined. We do not 
know' w hether too low' or too high a temperature or the 
amount of lierht acts in a direct manner on tlio size of 
the corolla, or indirectly, through the male organs being 
first aflected. However this may be, if a plant were 
prevented either early or late in the season from fully 
expanding its corolla, with some reduction in its size, 
but with no loss of the jmw'er of self-fertilisation, then 



* For thRataitemeuthTLiniiJvajH, p. 54J1) 'HVat when tlifl auhnnn 
see iMohl in ‘ But. Zeituiig; 1 8C3, dmwtiOTi, jiiid liabitiuillT in winter 

p. 327 * Aeii Gray, ‘Anjericaii fur fiuch oi onr wild nua era a§ 
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rentier it strictly clcistogamic. The various organa 
would alsOj it is probable, be modified by the peculiar 
conditions to which they are subjected within a com- 
pletely closed flower; also by the principle of corre- 
lated growth, and by the tendency in all reduced 
organs finally to disappear. The result would be the 



production of cleistogamic flowers such as wo now ' 

see them ; and these are admirably fitted to yield a t 

copious supply of seed at a wonderfully smaircost to t 

the plant* r 



I will now sum up very briefly the chief conclusions 
which seem to follow from the observations given in 
this volume* Cieistogamic flowers afford, as juat 
stated, an abundant supply of seeds with little ex- 
penditure ; and wo can hardly donht that they have 
had their structure modified and degraded for this 
special purpose ; perfect flowers being still almost al- 
ways produced so as to allow of occasional cross -fertilisa- 
tion. Hermaphrodite plants have often been rendered 
monoecious, dioecious or polygamous ; but as the sepa- 
ration of the sexes would have been injurious, had not 
pollen been already transported habitually by in- 
sects, or by the wind from flower to flower, ive may 
iissume that the process of separation did not com- 
mence and was not completed for the sake of the 
advantages to be gained from cross-fertilisation. The 
sole motive for the separation of the sexes which 
occurs to me, Is that the production of a great number 
of seeds might becomo superfluous to a plant under 
changed conditions of life ; and it might then bo highly 
beneficial to it that the same flovver or the same indi- 
vidual should not have its vital powers taxed, under 
the struggle for life to which all organisms are sub- 
jected, by producing both pollen and seeds. With 
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respect to til© plants belonging to th© gyno-dicecious 
sub-class, or tbos© which co-exist as hern i aphrodites 
and females, it has been proved that they yield a 
much larger supply of seeds than they would hay© 
done if they had all remained hermaphrodites ; and we 
may feel sure from the large niimber of seeds pro*' 
<liiced by many plants that such production is often 
necessary or advantageous* It is therefore probable 
that the two forms in this sub-elass have been sepa- 
rated or developed for this special end. 

\arious hermaphrodite plants have become hetero* 
styled, and now exist under two or three forms ; and 
we may confidontly believe that this has been etfected 
in order that cross-fertilisation should be assured. 
For the full and legitimate fertilisation of these plants 
pollen from the one form must he applied to the 
stigma of another. If the sexual clement^ belonging 
to the same form are united the unioo is an illegiti- 
mate one and more or less sterile. With dimorphic 
species two illegitimate unions, and with trimorphic 
i?pccies twelve are possible. There is reason to l>elieve 
tliat the sterility of these unions has not heen specially 
acquired, but follows as an incidental result from the 
sexual eiements of the two or three forms having been 
adapted U) act on one another in a ]>artieiilar manner, 
so that any other kind of union is inedicient, like 
that between distinct species. Another and still more 
remarkable incidental result is that the seedlings 
from an illegitimate union are often dwarfed and 
more or loss or comjiletely barren, like hybrids from 
the union of two w idely distinct species. 
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3ll, 337 ; Viola odoraia, 317 
Dianthus hiirbaiuK, 30 
Dickie, Dr., oil Erioj-ihorum angji^ti^ 
foliuwit 307 

DicffiniHUS frajCinelJoy 14(5 
Diodia^ 135 

Dioseious and sub-Jioeeious plents, 
2S7 

JHifcOfpermum, 286 
Doubleday, H., on Frimula elatior, 
73 

Dracac€p}udum Mohluvmim, 21^. 
Drosiita AngUea-^ 329, 342 

rotundi/(diat 328 

Duvai-Jouve, M., on Cnjpfoatachyi, 
313 ; L^bT^ta orysoides, 31-53, 334 
Dyer, Thiseltori, on tiSafida Har- 
minum, 8 ; Cratoxylon formorntitt 

m 

£. 

Er.hium vulgaret 111, 305, 307 
Epiiiertdrmt, 313 



GRAY. 

Epigip.a repeutt^ 297 
Etiual-ffiyled varn, of Frimala, 272 
um5i^?4.«-Fn, 329 

EfinpJtoruni 307 

Ertjfhrox.jjluim^ 121 ; pollen-grains of, 

250 

Kuontpnvs Eurapma, 287-293 
Eiijihraria ojicinali^, 4 
Euryale^ 311 

F. 

Pamntcrt, 123; poUen^graiUB of, 129 
Fitzgernld, Mr., on Thehjmztra, 313 
Forayfhia msitemta, 117; Staniens, 
252 

' viridifinma; 1 17 

Pra^aW« Chiheim*, 293 

eMior, 293 

-pesca, 293 

Virginia-na^ 293 

Frnxitim CMefetyr, 1 1 

Q. 

Galium cniclutum, 280 
Dartneron the sterilily O’! unions 
between disti net species, 29 ; Fri- 
mvla T-iilgar-i^ and tferi?, 58, 59 ; 
Lybrid VerimM'-umfi, 70, 77, 89; 
prepotency of pollen, 241; varia- 
tion iu the sexual jxiwers of 
plants, 267 ; eontabescont anthers, 
193, 233 
Oe.nfianeiRy 115 
(ri^rsfiiaec*, 109 
(Teranium vtylvat icttm, 303 
Oesntria penduiina, 2GI 
Gilia aggregata. 318 

caronapifolia, 119 

mieranthaf 119 

119 

puklteUa, 118 

Gililibert on 311 

Gloriosa Lily, the, 146 
Gndron on hybrid Fnmulai^ 55 
Gray, Prof. A«n, pmftosem the term 
hcterag&fU!. or heterogomt^, 2 ; on 
LinUftt, 191; Bur- 

nett iana ainl acrumtnufa, ! 
Forft^ia smpenm, 117; GiliOr 
pukhdhi, 118; G. coroTu^pi/oliat 
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IID; rJilfix itthiiitifat 119; Mit- 
repene^ 125; heterostylefl 
plants, 24+ ; Cujfromi^, 2S5 ; 
imyuius, 287 ; Rhamuu^ Ictuceo^^ 
latus, 295, 29(3 ; £f/i{jifni repeuSt 
297 : Ilex ojKica, 298 ; 
media, 307 ; Oxifhaphus and 
giiita, 313 ; impaUentf/alva, 328 ; 
L(?erii/a, 334 ; clijlstOigiiijLLiu Howerja, 
312 

GynO'dicecions plants, 298 

H. 

Hart, on TVeptift 301 

llautbaiB the, 293 

JUdijotiA, 133 

Htiiiilow,. Kcvh Prufr+ on hybrid Fri- 

maJjEy 01 

Hoiisluw, Rev+ Q., on flowprjj nelf' 
fertilised during tlie winter, 343 

Horbett, Dr., on hybrid FrimuJ^j 

01 

Ilfjtt'roatyled plants, illegitimnteolF- 
epring of, 188-243 ; e^sientijal ctia’ 
raotcr of, 24-1; amnnaary of the 
differences of fertility between 
legi t iiimtel y and i I Icgi timatcly fer- 
tiiised pliiiits, 243; diameter nt' 
pollen -grail] a, 249; uiaeofanthera, 
Btmctnre of atigina, 252 ; list of 
genera, 255; in.l vantages derived 
from UeteroflLylisni, 258 ; means 
by whicli plants became hctcTO- 
styled, 260 ; transuiiaaion of forns^ 
268 : equal -styled varieties, 272 ; 
fltui] remarks, 375 

dituorphic plants, 14-54 j Sl~ 

136 

trimorpliio pLints, 1H7“187 

IlihferuAf pollen-gniiiis, 338 

HLldebnind, Fmf,, intruduona the 
word “ Leteroatyled,” 2 ; on the 
ray- florets oftbe Compmits^, 5, 6; 

SifteHsist 38, 40-43, 192, 
217 ; li-i’iiiam 87 ; 

pt:renne, 92 ; Fulmfmaria oM- 
cinalii!, 101^103, 1(17, 239; P, 
artirca, 110; roly^num 
rum. 111; (W/is, 169, 171-174, 
178* 182, 211-213, 322; herma- 



EEBNEU. 

phrodite plants brNHOininrj uni- 
H(f£ual, 283; JJordf?am+ 333 
IIoirHJstyled apetviea of 49 

IIm>ker, Dr., on OampanuJa, 330 
Jinrdmmi, 332 
Jfottmia ififiata, 53, 313 

-palu^ri^, 50; relative fer til it j 

52: antbers of, 252; juapdlm od 
stigma, 254 

Hottsionm ecemlm, 132, 254 
Horn mrnom^ 331 
Hybrid Frimulm, 55-71 
Jitjdmufiea. 6, 7 
Hyper 123 
Hyseopm q^inaliit 299 

I. 

Ilex aquifolinm, 29” 

fjpnca, 298 

Illegitiiiniite: c jffsprE ng of h etcroBty lifid 
plants, 188 ; Lyikrttm 
dwarfed stiitare and sterility, 192 ; 
Ox^ilie, triitiaintHftxon of ffirra to 
see^ilitiga, 212 ; Primula ifi'jicn-Kis, 
in some degree dwarfed, 215; 
oqual'Styled varieties, 218-223; 
Primula vulfjariit, 224; traus- 
m tgsion of form and colour, 225 ; 
Bectllingg, 227; P. rertu, 228; 
dwarfed stature and sterility* 
229-234 ; equal-styled vtirietces, 
234, 238; pandleliem between 
illegilamato iorttliEiiition and by- 
bridisin^ 242 
JlffiCetriim, 31 1 

p^)lieIl-g^ai[]^ of, 338 

328 

fuha^ 327 

nali-me-tangeTe^ 328 

J. 

r&jia^ 10 

/ttn™# bn/oitius, 332, 343 
Jussieu, A. de, on Malpiahiees.^ 
331 

K. 

Kcmer, Prof, , on ray- florets, 6 ; A w ri- 
eitia, 43 ; hybrid forms of Pripaw^a, 
55, 73; on uso of hairs within 
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the coraltft, I2S; aiKo of corolk in 
nialo flowoTti^ HU9 ; uae of irlimfle 
as a pmtE^ctlou lu Lioweru^ 

Kirk. Dr,j Cii Monocharia va^inaliM^ 
331 

Kiioriay 135 

Koch on fon(7iff4>m, 50 

Krascht^ninikowia, 313 
Kuhti, <m dcititog'Fiinic flowrrRj 
3, 310, 311; liHt of planta pro- 
ducing diffcTt'ntly formt^l atieda^ 
0; hoterostyJcil |.iIaritH/244 ; Faji- 
dellin nummularifoliii^ 334; F. 

L. 

TfuUca, 1G7 

^MirHjlorijf 1G8 

■rej/fna?, IGfi 

Lufhyrwt iiiisstoUtXy 32G, 312 
Leuoq, U.j oci the common maple^ 
12; cowalipa ami priinroscaT 57; 
PrimtfZtt elatior^ 72 ; Linum 
truicum^ S3; Lythrmn 

1(j 6; 2S6; gyuo- 

dicecious plantj^, 20S; 

305 ; VYoZ-a Cidwata, 317 
orytoide^, 333^335 ; |>oUeii- 
graiTiS of, 33B 

Leggett, Mr., Pontederia cordafoy 
187 

Logitiitmte.nnionfi, enmmary on the 
Icrtility of the two^roirLpfircil with 
that uf tlic two ii logit imute iu Pri- 
mulitt 4G-4S; fertility of, com- 
pared with iltegitimatoj 243 
Loiglitons Kev. W, A on tlje eowa- 
lip and primrose, 5G ; Verbaacum 
virgafum, 78 

Leonioiion, pfjllen-grairs^ 33S 
Lepif)fipJi(fn. 110 
Leueomtda acnimnatfiy ]14 

Jiurneiliana, 1 H ; stigma, 253 

I^ily, tile ^Jlo^ioe^■l, 14G 
Limminthemum Imitcttmy llG ; pol- 
lon-graius, 25^J ; anthera 252 
Liitaria ipuritiy 325 
Ihndlcy oti Fragaria elatwr, 2S'3 
Linuffiiiiion FTiffittki verify vulgarU 
and tiatior, 5G 
trinum {iutjuati/oliumt 100 



NEXYAWTIlEfl. 

Linum Aiisi'firtciwiw, 07 

■ cathiirticumy lOO 

— ^ mrymbifeTum, 1 00 

jHuvuin^ 81, 08 ; atfimenB, 252 

'flrumdi^nrHm, 81; vai'iona cji- 

jKi:rinicnt»* K7-80, 03; ]»iytilE imrl 
blamenE, 253,254; btcrile with ita 
owii-forni pollen, 204, 2t^6 
Lficifijj, JO I 

perennji, 00; torbion of the 

Btyled, 05 ; long-styled form, S7 : 
Rtigraa, 247 

100 

’ irigtjnHmy 100 

utiitatimiimjtir 100 

Lipomtiniia, 134 
J^ysiittf-ichia vtilgarisi, 4, 342 
I Ltjthrtt-iu fj-ra^eri, 185 

-hy^pi/viui, IGG 

«<ilicaruty 116, 137; power of 

mutiiftl fertilisation hetw^eeii the 
three forinH, 14S-157; smnmary 
of reaijlt», 1.57-185; iUegtimiate 
olTapi'ing i'roiu the three forma. 
lSl-203 j coneluding remurka on, 
203-211; mid-etvled form, 241, 
257, 258, 280; swds, 248 
“ — thymifoliay 1U5 

JItdpiijJda$c3s, 331 
ManeUiu hic-olur^ l't5 
Maple, the common, 12 
MfiT^thall, W., on Frimula datiory 

73 : Flft^iugo lariceokitttf 3(JS 
Haatera, I)r. Mas well, on cJelsto- 
gaiuiq llo\¥era, 3 

MiiSLimowica on Kratfchetiimlmeiay 
312 

Mecihan, Mr., on Mit^'.heUut 2S5 ; 

Fpigicfi repejip, 207 
3/c4i6;!i;j: dinipi>iltt£nt, 233 

n^Jnalhy 2SS 

ilellu, Correa de, on Amchift, 312: 
327 

uqtiatiaay 
hitfiifa, 2S8 

298 

MeuyonHien, 311 
tn/ehhfci, 115 
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Micihftlct on 0-ra/Vfl acetoffelfa* 321 ; 

hinnHa sfniria-^ 3^5 
MitcheUa, 2«.'i 

rept^n^, 125 

MohU II- vou, on tlie commnn 
cowulip. 14; a LEO of oyrollA in the 
scxoB cjf tliD ftliino gpetiieSp 307, 
30ft; Tri/oliiiM find Anw^hi*, 312; 
clei&togLiiiiLC flawera, 314:, 312; 
Ojcrtiw acetOiell<t,f 321 ; IinipaU&m 
320 ; Sjpecularia- 

pttrffilmia^ 330 
iVoiliti ^piVIo^a, 103 
— “ fiptjciotfci, 1GB 

HoOLiier, M., on Kifjlrt, 318 
vaginaUnt 330 
Jlulbcrry, tlie^ 10 
iliiller, D., on Faofii 314 

Miillerj Fritz, fm pollen of the Fif- 
110; 128-130; 

ro^^fierm frd’ijmfii, 131 ; 

107 ; Oxalts, 18lb 181 ; Ponted^ri^, 
133-185; Oj&alis HegudiU S12 ; 
i^hamiasOii, 202 

Mjllei, H., on tlio fj(,M[uetidy of 
vibitft by inet'ctB to the Utfii>elli- 
farst^ end 5 ; cm tlicho- 

g>^inyt 10; oti Anthopltora and 
liomfiylius auckLng the cowslip, 
22 ; tftifior, 32 ; P, 

40 ; Hottoida pahidri^. 51 ; tzible 
of rolfttiTe fertility of, .52, 53; 
Lhiunii cfitharticimiy 100; Foly- 
faguppT'aniy 113; Lyilirmn 
eaUctiTuij 145 ; on the origin of 
heteroHtyli«ni, 263 : on the La- 
biatsst 290. 3W ; fhtjntm ^terpyUnm 
300 ; Smbinm ari-etmay 305 : 
tago lanne4)latii, 306 ; siz'U cjf co- 
Tolia in the two of the tui,nic 
Bpecie.'^, 308 ; 5uZsa- 

miW, 328 : Lydmachia, 343 
Myosotisy 308 

N. 

Nepeta 301 

JVVirtera, 285 

Nesst^a eerticiliata, 1G7 
iVolu/itt proitTataj varinbility in 
length HUmcTis and pieftil, 201 
Nijcttiginiay 313 



FOLEMONIACK.®. 

0 . 

Olilsnlandiit, 132 

n Die£M?<iE, 117 

Oliver, Prof., on ovules of PrimuEt* 
Twrw, 17; FzV>J(i 318; CaiApamda 
coloTutay 330 
Oiioniif cGlumnXy 325 
■mifiyiiJfjima, 32G, 341 

parvi^oray 326 

Origfitium migare^ 238 
Qxttlig dfwUfSp'llfi-t 181, 182; pistil nf, 
2(31 : cleistoguraic flowers, 321 ; 

I |}oll«n-grfii njj, 33S 

liowiiy 170 

oefnpre-sflrt', 179 

cfyniidulfita^ 1 81 

Deppeiy 1 79 

: — — Aeayj^nrnifies, 213 
— — liomotityled Hpeciee, 181 
— — irM^cirnata, 322 
— EegiuiUty 173-175, 212 

Tmea, 178, 213 

{Bmphytumy 181, 

322 ; stL^me, 2.^3 
' sjMCiWa, 109, 175, 212 
— — 181, 182 

■ trops^-oJoMeif, 182 

FaW/cmnn, 170-172, 211, 212 

• Oxlip, the Danlwell, 32, 72 

, the cenimnn. 55 ; differencea 

in etnictnro and fuuctioa toetxvcen 
the two parcnt-spcciea, 56 ; effects 
of croBaing, 00 ; a hybrid between 
the onwalip and prinimBe, 70 
Oxybaphu«, 313 

P. 

Paocmy, polled-graitte of, 33ft 
Parfll I elism between il I eg i U Euate and 
hybrid fertllibiatioii, 239 
Fixvtmia, 313 
Phlox HetdzUy 120 

, 1 20 

119, 287 

Planchonon Linum aatioloid^'if, 100; 
i L. Lewltniy 101 ; on Hugoiii^iy 100 
Pltiniago lunCfolaiay 30G 

Tntdta, 307 

Polemoniaoe^, 118 
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P0LL£N^-QEtX1N»* 

Pollen-grains, Telative duuaettT of, 
240 

Pol^anihui^ IS 
Pol^ijmuxcete, 111 
Pol^onuTn biftotta^ 1 14 
— fagopyruMj 111, 239; pollen- 
ffraios, 251 

Poiitrdf^ria, IBS ; poUen-grainft, IfiG ; 
ijize of autliera^ 252 

corcftifti^ IB? 

Posoqueria /ragrtitifiy 131 
PrimritBe, tlie Gommon, 31, 57-71 
Frimulay llio^ hcteroat^'Ied species of, 
14; BuiDUiarj on, 45-40; Lomo- 
styled BpeeleH, 19 

30. 13, 43, 74, 223 

equal-styled yarietios, 273 

' C€^rtusoid&i, 44 

49 

datior^ Jacq^i 32 ; relartivo fer- 
tility of the two forms, 33, 47; 
not B hybrid, 72,73 ; equaJ^tylod 
vjir, of, 224, 27:4 

/ttrinoao , 45 ; equal-aty led y ar, , 

224, 273 

Mrfliifn, 71 

involmraM, 45 

50 

T7ioi/i>r, 49, 50 

Scoticti^ 49, 50 

Sibinea, 49 

44, 47 

22, 3o, 3S ; relative 

fertility, 30-43 47, 40; long- 

styled," 213; eliOTt-styled, 215; 
tranaiuissioii of form, conatitutiem 
and fertility, 21 G; et|uo.l-Etyled 
variety, 218-223, 273, 274 
stride, 50 

= teris, 14 ; difference in fitriic- 

ture between the two foriiis, 15; 
degrees of fextllity wlien legiti- 
mately or illegitimately united, 
25-32 ; fertility possesjJtKl by ilie- 
gitimate pliitits, 228‘-234 : equal - 
styled re I variety, 234 -'233; loitg- 
ftyleii, 241 ; length of 2G1, 
2GO 

verticilhta, 49, 50 

Piiibsft, 40 

(var. acaulii* Ijinin-)j 

34; poiltn-grainft, 35; relative fer- 
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tility of the two forms, 37 ; length 
of pistil, 2GG 

Primula vulgarit, var. rwbra, 224-223 
Prutiellii vuigari^, 209 
PsycArttna, 135 

anguidifoUa, 104, 239 ; 
anthers, 252, 2B7 
aiurea^ 1 1 0 

— — o^cinaliB^ 101, 238 ; ntiinber of 
fiowere, 248 ; pistil, 250 

B. 

dJrttiwntidHS aqu^iiliit^ 31 1 
liay-doreU, their use, 5, tJ 
likamnm mtharticun, 294, 307 ; sEzo 
of corolla, 308 

franffula^ 297 

IwncetjfafHy, 295 

lUiirKfntliUS 4 

lluhiars<v^ 125, 131-13G; size qf 
anthers, 252; stigmas, 253; 
number of heterostyled genera, 
284 , 285 

Fudge^i eriantha, 135 
It lie, the ooniJiinn, 9 
liueUia tuherom^ 329 



S. 

Salma, 308 

clehtogama, 340 

8 

Siitureia horUm^i^t 303, 304 
Smbima einwrisis, 305 
atrO'puTjmrea^ 305, 307 

SttCtriilH, 3115 

Seoitj J., ou Primula aurimla, 30, 
43, 223 ; P. irMfijtTj-iV, 34 ; {var. 
r«5m), 224 ; P. SiltMuiemutt 44 ; 
F, /flriflMJstr, 45, 224 ; hnniostyled 
iViwtiitc, 49, 50; hybrids, 74, 75; 
len^tlj of pistil, 272 : HoUanitt. 
paluatTi^, 51 ; ^ndroKice riial- 
liana^ 53: Pvitjaulhus, 58; J/if- 
127; Aeantha&»^ 
313; Eroni^Aenmrrt aidritjuum bt<ir- 
ing three kiciUs of hewers, 329 
Sr.rnphularia aquatictt, 147 
jScmufttla fhtdoHti,^ 280, 307 
acumimia^ 122 
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SETHTA. 

SitMa ohttmfiiUay 122 
Smith, Sir .f. E., on tSie rr-nrimt, 8; 
byhrid FerlAafii^HiTiSt 7£t, 7H : Btr- 
TainJa ihi/'iftria^ 280 ; Cnicua, 
!-]07 ; BuhulfiHa^ 31 i 

Siildm\eUa alpina^ 31 
Spt'cuJana 330 

B|>ence, Mr., on Mullia, JOS 
fiperrrkiOOWj 135 

S| 'Ten gel on jjartisilnX 51 

Btdkirla qrmnima^ 313 
Stra wherry t the Il^iutbois, 203 
, 31 1 

SuUriai 131 

T. 

Utelymiira^ 313 

Tliomsnn^ l)r^» on CcijM2Wft«Eti+ 330 
Tlmim-tiyed, origin of torui) .14 
ThwailcJ), Mr., on ovulca of //tm- 
iwir)fftg^niTii» Indicmii, 116 ; Sdhifi. 

122 ; IMi^pcnnum^ 

280 

Thyrndidy 114 
Thymux ciiriWortiei, 301 

nerpyllitm^ 299^ 301 j 302, 304 

302 

Tinibal-Lagmvo, M., on hybrida in 
gemia CMv^^ 70 
Torre V, Dr., on JJofinnto 
53, 313 

TianmitE^ion of the two forms of 
beterostyled planta, 208-270 
Treviranng on jijiEirojjacc ‘viial- 
liatWf 53 ; JymMiii, 81 

V. 

Fa«dfM*a 321 

stsxijlora^ 325 

Vniieher on the earjpot, 8 ; Solda- 
inlla alpina, 54 ; Lythrum mli- 
oaWa, 138, 144; L, 

165 ; Hex dqui/oHum, 297 j on 
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Laf>iaife.y 2!)9 ; FMJ^£l hirta nnd 
coUina, 317 

F«jri(tiS(?ttm, wild liybritU of, 75-80 

' 30, 76-78 

ph&mt'i'itmt 73 

76-79 

v-irgaiitmt 78 

Fi5M-m.win, 6, 7 
Yieki, 327 

VillarsHtf 116: anthers, 252 
VMa alM, 315, 320 

hi<Xfktr, 320 

liifora, 320 

cftm'na, 314, 321 

eoi!i!ina, 317 

tlatior, 320 

Mria, 318, 320 

320 

Imici/olm, 320 

inirtdfiUs^ 320 

WfiMia, 319, 320; pollen-grain a 

of, 33S 

^!}dora^a, 317, 336 

jmiustrix^ 320 

lioxhurghiana, 319 

liuppii^ 32t> 

’ SylptlfiCKl, 320 

IricoluT, 4, 320 

Yoandzeidj 327 

W. 

Wnlnnt, the, 10 

Wntaon, H. C., on oowslipa, prim- 
m^es, and cxlipiJ, 57, 60, 63 ; 
Primula tiaiior^ 72, 73 
Wetldell, Or,, on hybrids between 
Acerax and OrcMx, 76 
Wetterhan, Mr, on Coi ylue, 10 
Wichuia, Max, on hybrid willows, 
76 ; sterile liybrlde, 240 
\Vlrtgeu on Ly thrum mlicaria.t 138, 
14.4,148 

Woeder, W., on Pob/aniftiH, IS 
Wray, Leonard, on Prai/arfo, 293 
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